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6-ARYL PYRAZOLO f ^ . 4 -d 1 PyRIM TDIN-4 -OHEC 

AND roMPn.qTTTON?; and methods of d.^f: th-rfof 

BACKC^ROUND OF THF TiWeNTTON 

(a) Field of rhP Tnvpnrnon- 
I . • ■ • ■ • 

The invention relatiss co e-aryl , pyrazolo [3 , J-d) -pyrimicin- 
4-ones, to pharmaceutical compositions containing them and co 
methods for effecting c-GMP-phosphodiesterase inhibition, ond 
treating heart failure and/or hypertension. 

<b) Informarion Disclosure St:at>mpnr:' 

Schmidt ec al . , U.S. Pat. No. 3.165,520, issued 
January 12, 1965, disc4ose as coronary dilating agents pyrazolo- 
(3 , 4-d]pyrimidines of general formula: 

O 




wherein: 

represents a hydrogen atom or an alkyl, hydro>?y-alky L , 
halogen-alkyl or oxa-alkyl radical or a cycloaikyl. cycloalkvL- 
alkyl, aralkyl or heterocyclylalky 1 radical or an at ir.c.^t 
binuclear aryl cr heterocyclic radical; 

R^ represents a hydrogen atom or a lower-alkyl radical; 

R^ represents an aliphatic, cycloaliphat ic , cyci.>- 
aliphat ic-aliphatic , araliphatic or heterocyciic-aliphat Lc 
radical; and 

R^ represents an aliphatic radical or an aralkyl jr 
heterocyclyl -alkyl radical which may be substituted. 

The patent more specifically discloses as especial iy 
valuable the compounds in which R^ represents a hydrogen atom or a 
lower-alkyl radical cr a cycloaikyl radical, a hydrox^.'-lower-alk/l 
radical cr halogen-lov.'er-alkyl radical, an oxa -lov;er -alkyl , cr m 
aryl radical v:hich may be unsubst ituted cr mono-, di-, cr rri- 



wo 96/2S448 



PCT/US96/03100 



substituted py halogen,, alkoxy, alkyl, methy lenedio:<y , 
trif luoromet'hyl; hitro, amino, or a pyridyl radical; represents 
a hydrogen atom or a- lower-alkyl radical; represents a lower- 
alkyl radical or a lower-alkylamino radical; and represents a 
lower-alkyl radical or an aralkyl .radical. 

Further disclosed are a series of l-R^-3-R^-4-hyGrox:^'-5- 
R^-pyrazolo [3 , 4-d]pyrimidines which are said to be useful as 
intermediates in the synthesis of final products. Among the 
intermediates specifically disclosed are 1 -cyclopentyl -4 -hydroxy - 
e-benzyl-pyrazolo [3 , 4 -d] pyrimidine and 1-isopropyl -4-hydrcxy-6-ln- 
methoxybeh2ylpyrazolo [3 , 4 -d) pyrimidine, 

Schmidt et al . . U.S. Pat. No. 3,211,731, issued 
October 12, 1955, disclose as cofonar*y dilating agents cyrazcio- 
(3 . 4-d]pyrimidines of general formula: 



OH 




wherein: 

R^ represents hydrogen, an alkyl, hydroMv-alkyl , 
halogen-aikyl or oxa-alkyl radical, a cyclo-alkyl, cycio- 
alkylalkyl, aralkyl, heterocyclyl-alkyl radical or an z^z most 
binuc:.ear aryl or heterocyclic radical; 

R^ stands for. hydrogen, or in the second place, for a 
lower-alkyl radical; and 

R^ represents a possibly substituted aralkyl or 
heterocyclyialkyl radical. 

The patent more specifically discloses as especially 
valuable the compounds in which R^ represents a hydrogen atom or a 
lower-alkyl group, cycloalkyl, hydroxy -lower -a Iky 1 , halogen- lower- 
alkyl, oxa-iower-alkyl , or an aryl; R^ represents a hydrogen atom 
or lower-alkyl and R^ a substituted or unsubsti tut ed aralkyl. 
Among the compounds specifically disclosed are 1 - isopropyl - 4 - 
hydroxy-6- 2 ' -met hoxypheny Imethyl )pyraiolo( 3 . 4 -d 1 pyrimidine , 1 - 
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I 



cyclopentyl-4 - hydroxy - 6-benzylpyra2olo [ 3 , 4-d] pyrimidine, I'-iso- 
propyl - 4 -hydroxy - 6 - (P-phenyl ethyl ) pyra^plo ( 3 , 4 -d ] pyrimidine , and 

1 - isopropyl- 4 -hydroxy- 6 - ( 4 -aminobenzy 1 ) pyrazolo [3,4 -d] pyrimidine . 

Schmidt et al . , U.S. Patent 3,211,732, issued 
•October 12, 1965. disclose, -as, intermediates, ' 1-R^-3-r3-6-R^-4- 
hydroxy-pyraz'olo[3 , 4-d]pyrimidines whejrein: 

represents a hydrogen atom, a > lower-alkyl radical 
which is unsubstituted or substituted by a hydroxy group or a 
lower-alkoxy group, or a cyclopentyl or. cyclohexyl radical or a 
phenyl or phenyl lower-alkyl radical; 

R^ represents a hydrogen atom or a lower-alkyl radical; 

and 

stands for a substituted or unsubstituted phenyl 

lower-alkyl radical . 

Specifically disclosed is i - isopropyl - 4 -hydroxy - 6 - 

benzylpyrazolo [ 3 , 4-d]pyrimidine. 

Also disclosed, as intermediates, are l-R^-3-R^-6-R^-4- 

hydroxypyrazbio [3 , 4 -d] pyrimidines wherein: '* 

Stands for a hydrogen acorn, a lower-alkoxy-lower- 

,alkyl \radical or a hydroxy-lower-alky 1 -radical, a cyclopentyl or 

♦ 

cyclohexyl radical or a phenyl or phenyl -lower-alkyl radical which 
may be substituted; 

R^ has the meanings given above; and 

R^ stands for a phenyl radical v;hich may be substituted: 
Specifically disclosed is l-isopropyl-4 -hydroxy-6-phenylpyrazolo- 
[ 3 , 4 -d ] pyrimidine . 

Breuer et al . , U.S. Pat. No. 3,732,225, issued May 8, 
1973, disclose as hypoglycemic agents and anti-inflammatory agents 
pyrazolo[3 , 4-d]pyrimidines of formula: 

OR 
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wherein: ^ 

R is 'hydrogen or lower-alkyl; is lower-alkyl, 

cycloalkyl, phenyl or substituted phenyl; r2 is phenyl, 
substituted phenyl or cycloalkyl; and is hydrogen, lower-alkyl, 
cycloalkyl, phenyl or substituted phenyl. Specifically disclosed 
are 1 -methyl -6-phenyl and l-methyl-6- (4-chlorophenyl)pyra2olo[3, 4- 
dlpyrimidin-4-ones . 

British Patent 937,722, published September 25, 1963, to 
CIBA LIMITED, discloses as a coronary dilating agent 1-isopropyl- 
4 -hydroxy- 6 -benzyl -pyrazolo [3 , 4-d)pyrimidine . 

Hamilton, U.S. Pat. No.. 4,666,908, issued May 19, 1987, 
discloses pyra2olo[4 , 3-d]pyrimidine-7-ones of formula: 




wherein: 

R^ is lower-alkyl of from one to six carbons, inclusive, 

lower-alkylene of from one to six. carbon, inclusive, lower- 

hydroxyalkyl of from one to six carbons, inclusive, lower- 

hydroxyalkylene of from two to six carbons, inclusive, lower- 

aminoalkyl of from one to six carbons, inclusive, or lower- 
aminoalkylene of from two to six carbons, inclusive; 

n is 0-4; and 

Ar is R2 : 

2 

or 2, 3 or 4-pyridyl wherein X, Y and 2 are independently (1) 
hydrogen; (2) lower-alkyl of from one to six carbons, inclusive; 
(3) halogen; (4) hydroxy!; (5) lower-alkoxy of from one to six 
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carbons, inclusive; (6) nicro; (7) amino; (8) NR'R" v/herein R' and 
R*.are each independently (a) hydrogen, or (b) lower-alkyl of from 
one to six carbons, inclusive, optionally substituted by (i) 
amino, (ii) morpholino, or (i'ii) cycloalkyl of frorr, five to seven 
carbons, inclusive, (9) sulfqnyl or (lOJ -S02 NR'R" wherein R' and 
B" are as^ defined above. 

: The patent more specifically discloses as preferred 
compounds those v/herein Ar is R2 • The compounds are stated to be 
useful in the treatment of cardiovascular disorders. 

Miyashita et al., Heterocycles 1990 , 31, 1309-1314, 
describe the preparation of a series of pyra2olo(3 , 4-d]pyrimidines 
of general formula: • 



O 




whereii^n: . 

R is phenyl or methyl; and R^ is hydrog*en, methyl, 
ethyl, propyl, isopropyl, benzyl, ethyl carboxyiate or phenyl. No 
indication of utility is disclosed. 

Hamilton, PCT Application WO :i 00152, published 
January 14, 1588, discloses a series cf 5-substituted 
pyra2olo[4 , 3-d]pyrimidin-7-one derivatives which are stated to be 
useful as cardiotonic, CNS stimulative, antiallerg>-, antiaschma or 
cognition activating agents. 

Bell et al., European Patent Application 0463755, 
published January 2, 1992, disclose a series of 5-(2,5- 
disubsti tut ed -phenyl ) pyrazolo ( 4 , 3 -d ] pyr imidin-7 -ones which are 
stated to be useful in the treatment of cardiovascular disorders. 

Podesva et al . , U.S. patent 3,772.294, issued 
November 13, 1973, disclose a process for preparing compounds of 
the formula I : 
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X 




I 



wherein : 

X represents a halogen atom, a free or substituted 
hydroxyl, amino or mercaptc group and R represents a hydrogen 
atom, or a lower-alkyl or a substituted or unsubst i tut ed aryl 
radical. The compounds are disclosed^ as being .potentially useful 
in the treatment of hyperuricemia associated with gout and ether 
conditions and additionally, the compounds v/herein X represents a 
halogen atom are said to be useful as intermediates in the 
synthesis of other compounds having the formula I. Specifically 
disclosed is- 4-hydroxy-6-phenyl-l«-pyra2olo[3./4-d]pyrimidine.' * • 

Coates • and Rawlings, .U.S. 'Patent 5,075,310, issued 
December 24, 1991 from 'application Serial No. 370,494 filed' 
June 23, 1989, disclose and claiiti compounds of the formula: ' 




and pharmaceutically acceptable salts thereof, wherein: 




-6- 
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N 
H 



N 





N 



N 



X 



(a) 



(b) 



(c) 



• X 'is oxygen or sulphur; and 



is Ci'Cs alkyl, C2-6 alkenyl , C3-5 cycloalkyl -C1-4 alkyl/ or C1-4 
alkyl substituted by 1 to 6 fluoro groups. Specifically disclosed 
is 6- (2 -propoxy phenyl ) pyrazolo [ 3 , 4 -d]pyrimidin-4 < 5K) -one . The 
compounds are said to be useful as bronchodilators and 
vasodilators. 



. Bacon et al, U.S. Patent 5,294,612 issued March 15, 1994 from 
Application Serial No. 859,770 filed March 30, 1992, discloses a 
series of 6-heterocyclyl -pyrazolo [ 3 , 4 -d] pyrimidin-4 -ones , e.g., 1- 



cyclopentyl-3-ethyl-6- (3 -pyr idyl ) pyrazolo [3 , 4 -d]pyrimidin-4-one. 



wherein: 

is tert -butyl, or cyclopentyl; 

is lower-alkyl, or phenyl- lower-alkyl ; and 
R^ is phenyl, or phenyl substituted by from one to three, 
the same or different, substituents selected from the group 
consisting of lower-alkoxy , lower-alkyl, hydroxy, i -imidazclyl , 



.The compounds are disclosed to be us^eful in treating heart failure 
and hypertension. 

\ ' . . , * ■ * " 



SUMMARY QF THE im^ENTIQN 



The invention relates to compounds of the Formula I: 



O 
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lower-alkenyloxy , di lower- alky lamino- lower - al koxy / 4-morpholinyl-' 
lower -alkoxy , .lower-alkoxycarbonyl - lower- alkoxy , carboxylow'er- 
alkoxy , t r i f luorojnethy 1 , 1-piperidinyl - lower- alkoxy , l - 
pyrrolidinyl-lower-alkoxy , nitro, halo, amine, -(CH2)20-# lower- 
alky Isul fonyl ami no , lower-alkoxy- Iqwer -alkoxy , lower- alkenyl , 
dilower-alkylamino, -OCH (CH3 ) CH2- , 4-morpholinylcarbonyl-lower- 
alkoxy . 4 - chiomorpholiny 1 - lower -alkoxy-, pyr id inyi - lower -alkoxy , 1 - 
lower -alky 1 -3 -hexahydroazepiny loxy , and 1 -lower-alky 1 - 4 - 
piperidinyl oxy; or a pharmaceutically acceptable acid-addicion 
salt and/or hydrate thereof. 

The compounds of the Formula I have been found to possess 
c-GmP-PDE v inhibitory activity and are thus useful in the 
treatment of heart failure and/or hypertension; 

Particularly preferred compounds of Formula I above are those 
wherein: 

is cyclopentyl; 

is methyl, or ethyl; and 

R^ is phenyl", or' phenyl ' substituted by from one* dc "two, 
the same or dif'ferent, substituents selected from the group 
consisting of methoxy, ethoxy, . propoxy, methyl, hydroxy, 1- 
imidazolyl, CH2=CHCH20-, * 2 - ( dimet hy lami no ) e t hoxy , * 3- 
{ dime thy 1 amino ) propoxy , 2-(4-morpholinyl)ethoxy, 3-(4- 
morpholiny 1 ) propoxy , ethoxycarbonyl methoxy , carboxymet hoxy , 
trifluoromethyl, 2-(l-piperidinyl;ethoxy, 2-{l- 

pyrrolidiny 1 ) et hpxy , nicro, chloro, amino, -(CH2)20", 
methylsulf onylamino, 2- (methoxy ) et hoxy , CH2=CH2CH2-. diethylamino, 
-OCH(CH3)CH2-* 4-morpholinyl-carbonylmethoxy, 2-(4- 
thiomorpholinyl ) ethoxy , 4 -pyr idinylmet hoxy . 1- me thy 1-3- 
hexahydroazepinyloxy , and 1 -methyl - 4 -piper idinylox\' . 

Particularly preferred species of the invention are: 

1- cyclopentyl -3 -ethyl -6- (2-propoxyphenyl • pyrazolo [ 3 , 4-d] 
pyrimindin- 4 -one , 

1 -cyclopentyl - 3 -ethyl - 6 - { 4 - ( 1 - imidazoly 1 ) phenyl ] pyrazolo 
[3, 4 -d] pyrimindin- 4 -one. 

l-cyclopentyl-3-ethyl-5- (3- (2- ( 4 -morphol inyl ) ethoxy) 
phenyl] pyrazolo [3 , 4 -d) pyrimindin- 4 -one. 
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l-cyclopentyl-3-ethyl-6- [2-ethoxy-4- (l-imidazolyl) phenyl] 
pyrazolo[3 , 4-d]pyrimindin-4-one, and > ^ 

l-cyclopencyl-3-ethyl-6- (2- (CH2=CHCH20) phenyl Jpyrazolo 
[3, 4-d) pyrimindin-4-one. 

The invention further relates to pharmaceutical 
compositijbns which comprise, compounds of Formula I together with a 
pharmaceut ically acceptable carrier/ adjuvant, diluent, or 
.vehicle. 

The invention further relates to a method for effecting 
cGMP-phosphodiesterase inhibition in a mammalian organism which 
comprises administering to said organism an effecti,ve amount of a 
compound of Formula I. • 

The invention further relates to a method for treating 
heart failure and/or hypertension in a mammalian organism v/hich 
comprises administering to said organism an effective amount of a 
compound of the Formula I. 

' DETAILED DESCRIPTION INCLUSIVE QF VpEFERRED EMBODIMENTS * ' 

. The compounds of. Formula I may exist in tautomeric 
•equili^brium v;ith the corresponding enol 'form: 



OH 




While the compounds are believed to be predominantly in the keto 
form and v;ill be represented as such throughout this 
specification, it is to be understood that the invention 
contemplates both forms and mixtures thereof. 

The term lower-alkyl as used herein means linear or 
branched hydrocarbon chains having from one to about four carbon 
atoms and thus includes methyl, ethyl, propyl, isopropyl, n-butyl, 
sec-butyl, and the like. 

The term lower-alkoxy as used herein means linear or 
branched aikyloxy substituents having from one to about four 
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carbon atoms ^, and thus includes mechoxy, ecnoxy, propoxy,* 
isopropoxy, 'butoxy, sec-butoxy, and the like. 

The term halogen, halide, or halo as used herein means 
bromine, chlorine, iodine or fluorine. 

The term lower-alkeny 1 as used herein means branched or 
unbranched unsaturated hydrpcarbon radicals of from two to about 
four carbon atoms and thus includes' 1-ethenyl, 1-propenyl, 2- 
propenyl, l-methyl-2-propenyl , isopropenyl, 2-butenyl, isobutenyl, 
and the like. 

The synthesis of compounds of the invention may be 
outlined as shown in Scheme A: 

Scheme A 




A suitably substituted 5-amino-lH-py*ra261o-4 -carbcxamide (II} is 
reactfjd with an excess of an appropriately substituted aldehyde of 
the formula III, optionally in the presence of a suitable organic 
solvent, preferably xyljenes, or benzene, with or v;ithout the use 
of an acid catalyst, preferably p- toluenesul f onic acid, acetic 
acid, or methanesul f onic acid, optionally in the presence of 
palladium on carbon, at a temperature in the range of about: room 
temperature up to the boiling point of the reaction mixture, 
preferably at the boiling point of the reaction mixture, to afford 
the compounds of the formula I. 

Alternatively. a suitably substituted 5-amino-lH- 
pyra2ole-4 -carboxamide (II) is treated with an excess of an ester 
of the formula IV: R^C{0)OR wherein R is lower-alkyi, preferably 
ethyl, ir. the presence of a base, preferably sodiur: ethoxice, m 

-10- 
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an alcoholic solvent, such as echanol, at a temperature in the 
range of about room temperature up to« the boiling point of the 
solvent used, preferably at the boiling point of the solvent used, 
to afford the compounds of the formula I. 

The compounds of the, formula* I can also be synthesized 
as shown .'in Scheme B: , . 

Sejheme B 




A suitably substituted 5-amino-lH-pyra2ole-4-carboxamide of • the 
formula II is treated with an excess of a nitrile of Dhe formula V 
in a suitable organic solvent." preferably dimethylf ormamide (DMF) . 
or dioxane, in the presence of an excess of a suitable base, 
preferably sodium hydride, at a temperature in the range of about 
room temperature up to the boiling point of the solvent used, to 
afford either the compounds of the formula I directly, or a 
mixture of the compounds of the formula I and the pyrazolo [3 , 4- 
d]pyrimidin-4-amines of the formula VI. This mixture can in turn 
be treated with an excess of sodium nitrite, in a 1/1 water/acid 
mixture, preferably a 1/1 v;ater/sulf uric acid mixture, at a 
temperature in the range of about -10°C up to about room 
temperature to afford the compounds of the formula I. 

Simple chemical transformations v;hich are conventional 
and v;eil known to those skilled in the art of chemistry can be 
used for effecting changes in the fuctional groups of the 
compounds of the formula I. For example, dealkylation of aryl 
ethers lo afford the corresponding phenol derivatives, hydrolysis 
of esiers to afford the corresponding acids, catalytic reduction 

-11- 
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of nitro deriyatives co afford the corresponding amines, and 
sulf onylation of * amines to afford the' corresponding sulfonamide 
derivatives. 

The compounds of Formula I are useful both in the free 
base form- and in the form of acid-addition salts, and, both forms 
are within the purview of the invention. The acid-addition salts 
are often a more convenient form for use; and in practice, use of 
the salt form inherently amounts to use of the base form. The 
acids which can be used to prepare the acid-addition salts include 
preferably those which produce, when combined with the free base, 
pharmaceiitically-acceptable salts,* that .is, salts whose anions are 
relatively innocuous to the animal organism in pharmaceutical 
doses of the salts, so that the beneficial properties inherent in 
the free base are noc vitiated by side effects ascribable to the 
anions. In practicing the present invention ic is convenient to 
use the free base form .or the hydrcchlor ide , fumarate, 
toluenesulf onate, methanesul f onate or maleate salts. However, 
other appropriate pharmaceut ically acceptable salts within the 
scope of the invention are those derived from other mineral acids 
and organic acids. ■ The acid-addition salts of the basic compounds 
are prepared by standard procedures well knov;n m the art vv'hich 
include, but are not limited thereto,, dissolving the free base in 
an aqueous alcohol solution containing the appropriate acid and 
isolating the salt by evaporating the solution, cr by reacting the 
free base and an acid in an organic solvent, in v;hich case the 
salt separates directly, or is precipitated v;ith a second organic 
solvent, or can be obtained by concentration of the solution. 
Although medicinally acceptable salts of the basic compounds are 
preferred, all acid-addition salts are within the scope of the 
present invention. All acid-addition salts are useful as sources 
of the free base form even if the particular salt per se is 
desired only as an intermediate product, as, for example, when the 
salt is formed for purposes of purification or identification, or 
when it is used as an intermediate in preparing a medicinally 
acceptable salt by, for example, ion exchange procedures. 

The appropriately subst i tuted 5 -amino- lH-pyra2ole-4 - 
carboxamides of the formula II are either known and thus can be 

-12- 
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prepared by known procedures (see. for example, U.S. Patent 
5,294,612, issued March 15, 1994, the Entire contents of which is 
incorporated herein by reference) , or they can be prepared by the 
procedures described hereinbelow in the exampljes . The aldehydes of 
the formula III, the esters df the formula IV and the nitriles of 
the formula V are either commercially .available, cr they can be 
prepared by procedures known in the art, or by the procedures 
described hereinbelow in the examples. 

The structures of the compounds of the invention were 
established by the mode of synthesis, and by one or more of 
elemental analysis, and infrared, nuclear magnetic" resonance and 
mass spectroscopy. The course of the reactions and the identity 
and homogenity of the products were assessed by one or more of 
thin layer chromatography (TLC), high pressure liquid 
chromatography (HPLC) , or gas-liquid chromatography (GLC) . 

The following examples will further , illustrate the 
invention, v/ithout , however, limiting ^it thereto. All melting 
points (m,p.) are given in degrees .centigrade (*C) and are 
uncorrected,. 

\ . . . ' • * 



-13- 
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(a) • 

A solution o'f salicylaldehyde (12.21 g, 0.1 inol) in DMF 
(65 ml) was cooled in an ice/water bath under argon and 60% sodium 
hydride in mineral oil (4.0 g, • 0.1' mol) was added in several 
portions. The mixture was stirred for one hour and then 
iodopropane (16.99 g, 0.1 mol) was added at room temperature. The 
reaction mixture was stirred at room temperature overnight, poured 
into water (800 ml) and stirred. The mixture was extracted with 
chloroform (3X), the chloroform layer was concentrated in vacuo 
and. the dark oil thus obtained was distilled under vacuum ;r2-94°C 
at 1.15 mm Hg) to afford 12.68 g. (77 %) of 2-proDoxvben2alGehvde . 

(b) ' 

A solution of KOH (12.16 *g, 184.2 mmol) in water :150 ml) 
was cooled in an ice-bath and then l-cyclopentyl-5 -methyl-5-amino- 
lH-pyra2ole-4 -carbonit rite (5.0 g, 26.3 mmol), followed by 30% 
hydrogen peroxide (13.5 ml, 131.6 mmol) were added. The reaction 
mixture v;aso warmed, to room temperature and stirred overniaht . A 
precipicate formed which was collected by filtration and v;ashed 
with ether to afford 1 -cvcloDentvl-3 -methvl 5-amino- lH-Dvrazole-4 - 
carboxamide . as a white solid. Additional product was obtained by 
concentration of the filtrate and collection of the product by 
filtration to afford a total of 4,46 g of product. # 

Alternatively, the carboxamide was prepared as fcIiov;s: A 
solut:.on of concentrated sulfuric acid (50 ml) was cooled to -5^0 
and 1 - cycl open tyl -3 -methyl -5-amino-lH-pyrazoie- 4 -carbonit rile (2.0 
g, 10.5 mmol; was added. The mixture was stirred as such for 2 
hours, then at room temperature overnight. The reaction mixture 
was poured into 400 ml of ice and NH4OH (100 ml) and was stirred 
for 1 hour. The product precipitated and was collected by 
filtration. Additional product was obtained by acidifying the 
filtrate v;ith acetic acid to a pH of 5 and then extracting v;ith 
chlorof or.T.. The chloroform layers were concentrated in vacuc and 
titurated v;ith ether to afford, after filtration and drying at 
100°C overnight, 1.67 g (76%) of l-rvcloDentvl-3-merhvl-^-5Tino- 
lH-pvra:!-ig^-4-rarboxamide. m.p. 191-192''C. 
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(c) 

A mixture of l-cyclopentyl-3-meDhyl-5-amino-lH-pyra20le-4- 
carboxamide (3.98 g, 0.019 mol), 2-propo><ybenzaldehyde (6.35 g, 
0.038 mol), xylenes (150 ml) and methanesulf onic acid (0.5 ml) v;as 
heated at reflux for 39 hours, with az-eotropic* removal of water. 
The reaction' mixture was cpncencrated, in vacuo and the residue was 
treated with 10% K2CO3 and ether. The 'layers were separated, the 
aqueous layer was extracted with ether and the combined ether 
layers were concentrated in vacuo. Analysis of the reaction 
mixture by TLC indicated that the reaction was not yet complete, 
therefore, the mixture was heated at •180*'C on an. oil bath. The 
residue was dissolved 'in chloroform, and purified by *column 
"chromatography on silica gel eluting v;irh hexane il00%) followed 
by .ether (100%) to afford 2.67 g (41%) of 1 -cvclonenrvi - 3 -met hvl - 
6- ( 2 -proPoxvDhenvI )-Dvra2olcf3.4>d1pvrimid in-4-one. m.p. 130- 
132°C. 

Alternatively, the final produci: was prepared as follows: 
A mixture of 1 -cyclopenty 1 -3-mechy2-5-amino-lH-pyra2oie-4- 
carboxamide (1.0 g, 4.8 mmol) and 2-propoxyben2aldehyde. (10.6 g, 
10-mA\ol) was heated at 160°C on an oil bath for 4 hours then at 
170°C for 48 hours. The reaction mixture was cooled, chloroform (5 
ml) was added and the solution was eluted on a silica gel column 
with ether (100 %) to afford, after recrys tal 1 i zat ion from 
cyclohexane, 0.16 g of 1 -cvclopentvl -."^-methvl - ^- ( 2 'oroooxvnhenvl > - 
pvrazolQf 3 . 4>dl pvrimidin- 4 -one . 

g?^^nipj.g 2 

A mixture of l-cyclopentyl-3-ethyl-5- (4-quinolinyl-CH=N- ) 
lH-pyrazole-4 -carboxamide (6.34 g, 0.018 mol). benzaldehyde (0.96 
g, 0.009 mol), xylenes (150 ml) and methanesulfonic acid (0.5 ml) 
was refluxed overnight. The reaction mixture was concentrated in 
vacuo, and the residue was treated with ethanol (200 ml) and 
azeotroped. The residue was then treated with 10% K2CO3 (100 ml), 
titurated with ether, filtered and washed with water. The product 
was recrystallized from ethyl acetate and dried at lOO'^C to afford 
2.68 g of crude product which was purified by column 
chromatography on silica gel to afford 0.603 g of 1 -rvclopenrvl -3 - 
ethvl-^-nhpnvl-nvrazolof 3 . 4-d1nvri midin-4-one. m.p. 221-222'*C. 
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Alternatively, and preferably, the final product can be' 
prepared from' 1 -cy clopenty 1 -3-ethyl- 5 -amino- IH-pyrazol e- 4 - 
carboxamide and benzaddehyde following a procedure similar to that 
described in example 1 (c) . 

A mixture of l-cyclopentyl-3-ethyl-5-amino-lK-pyrazole-4- 
carboxamide (2.0 g, 9 mmol), o- tolualdehyde (2.16 g, 18 mmol), 
methanesulf onic acid (0.5 ml) and xylenes (50 ml) was refluxed for 
32 hours. The solvent was removed and the residue was treated with 
ethanol (100 ml) and then concentrated to dryness. The darlc 
residue was treated with 10% K2CO3 and chloroform, the organic 
layer was separated and the aqueous layer was extracted v-^ith 
chloroform (2 x 100 ml). The organic layers v.'ere combined, 
concentrated to approximately 20" mi and then added cc silica gel ( 
30 g). The preloaded silica gel was placed on a silica gel column 
and eluted with Et 20/hexane,s (2/8) to (5/5) ro afford, after 
drying at 70''c in vacuov 1.10 g (40%) of 1 - cvc Icoentvl - 3 -et hvl - f ■ 
( 2-methvlDhenvi ^ -ovrazolo f 3 . 4 -d 1 nvrimidin-4 -one . .T^p. 133-134°C* 

A mixture of l-cyclopentyl-3-ethyl-5-amino-lH-pyra2ole-4- 
carboxamide (2.0 g, 9 mmol), o-ethoxybenzaldehyde (2.7 g, 18 
mmol;, methanesulf onic acid (5 drops), and xylenes (50 ml) was 
refluxed for 48 hours. The reaction mixture was stripped to 
dryness, and treated with 10% K2CO3 and CHCI3 (100 ml). The layers 
were separated and the aqueous layer was extracted with chloroform 
(2 X 100 ml) . The organic layers were combined, and concentrated 
in vacuo. The dark oil thus obtained was dissolved in CH2CI2 (30 
ml) and combined with silica gel (30 g) . The preloaded silica gel 
was placed on a silica gel column and eluted v;ith Et20/hexanes 
(20/80) to Et20 (100%) to afford 1.41 g (45%) of l-cvclopentvl-3- 
ethvl>6- (2-ethox\^phgnvl) -pvrazolof 3. 4-d1Pvrimicin-4-one. m.p. 146- 
147^C. 

Example 5 

A mixture of l-cyclopentyl-3-ethyl - 5-amir.o-lH-pyra2ole-4 - 
carboxamide (2.0 g. 9 mmol), anisaldehyde v2.45 g, 18 mmol), 
xylenes (50 ml) and p- toluenesulf onic acid (O.r gi was refluxed 
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for 32 hours. The reaction mixture was stripped to dryness, 
treated with ethanol (100 ml) and thpn again concentrated to 
dryness. The residue was treated with CHCI3 • (100 mi) and 10% K2CO3 
(100 ml), the layers were separated and the aqueous layer was 
■extracted with chloroform (-3 x 100 ml). The* combined organic 
layers weire concentrated to appro'ximapely 25 ml and then combined 
with silica gel (30 g) . The preloaded silica \vas placed on a 
silica gel column and eluted with ether /hexanes (S/IO) to ether 
(100%) to afford 1.25 g (41%) of 1 'Cvclooentvl - " -ethvl - > f ? - 
methPXYP^^env^ ^ -pvrg^piipf 3, 4-j]pYr;imiq;Ln-4-9ng, r..p. 135-136°C, 
after recrystallization from cyclohexane. 

A mixture of 1 -cyclopentyl - 3 -ethy 1 - 5 -amine- iH-pyra7.ole- 4 - 

carboxamide. (1.0 g, 4.5 mmol)., 2 -propoxybenzaldehyce (1.5 g, 9 

mmol ) , p-toluenesulf onic acid (0.5 g) and xylenes (50 ml) was 

refluxed for 20 hours. The reaction mixture v;as stripped to 

dryness, treated v;ith ethanol and again, concentrated to dryness. 

i^he' residue* was treated with CHCI3 'dOO' ml) and washed with 

saturated NaHCC3 . The organic layer was . concentrated to a .dark oil 

' which \was dissolved in CH2CI2 (30 ml ) and combined v;ith silica gel 

« 

(50 g) . The preloaded silica gel was placed on a silica gel column 
and eluted with 10% hexanes/ether to ether (100%) to afford, after 
crystallization from hexanes, 0.492 g.(30 %) of I -cvclopentvl - 1 - 
ethvl-f > (2-prono xvnhenvl ) -nvrazolof 3 . 4 -d1 ovr imidin- -one . m.p. S3- 
9iX. 

gxgpnpj^g 7 

To a solution of 1 - cy c 1 opent y 1 - 3 - e t hy 1 - 6 - ( 2 - 
methoxyphenyl) -pyra2olo[3, 4-d)pyrimidin-4-one (0.5 g, 1.5 mmol) in 
DMF (10 ml) was added NaH (0.15 g, 3.75 mmol, 60% NaH in mineral 
oil). The reaction mixture was stirred for 20 minutes, then 
propanethiol (0 . 228 g , 3.0 mmol ) was added and the mixture was 
stirred at room temperature for 4 hours, then at llO^'C for 9 
hours. The reaction mixture was stripped to dryness and then water 
(15 ml) followed by acetic acid (1 ml) were added. A precipitate 
formed v;hich was collected by filtration, washed v;ith water and 
recrystallized by DARCO® treatment from ethyl acetate to afford 
0.28 g (58%) of 1 -rvrlopenrvl - ^ -Pt hvl - ^- ^ 2 - hvdr ox vphenv 1 s - 
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nvrazolo f 3 . 4 -d j , pvr imidin-4 - one . m.p. 272-273®C, as white fibrous 
needles. , ' ' ' 

(a) 

A ' mixture of l-cyclopentyJ-3-ethyl-5-amino-lH-pyrazole-4- 
carboxamide (1.18 g, 5.32 mmol), 4- (l-imidazolyl ) benzaldehyde 
(1.37 g) and xylenes (8 ml) was warmdd to 130°G for 30 minutes, 
then to 160°C for three days. The reaction mixture was cooled, and 
the product was collected by filtration and washed v^ith Et20 to 
afford 1.88 g of l-cyclopentyl-3-ethyl-5- [4- (l-imidazolyl)phenyl] 
pyrazolo [3, 4-d]pyrimidin-4-one as the . 6, 7-saturated derivative. 
This derivative was mixed with e.thanol (300 ml) and 3 0% H2O2 (3,0 
ml) and refluxed overnight. Additional 30% H2O2 (3 ml) v;as added 
and the mixture was refluxed for 8 hours. An additional 10 mi of 
30% H2O2 was added and the mixture was refluxed overnight. 
Starting material was still present so an additional 10 mi of 30% 
H2O2 was added and the -mixture was refluxed for 4 hours and then 
additional 30% H2O2, (10 ml) was added and. the mixture was stirred 
for 1 hour. then was allowed to stand at room temperature 
overnight. The reaction mixture was stripped to a yellow liquid 
and purified by column chromatography on silica gel eluting with 
ethyl acetate- (100%), then 5% methanol /ethyl acetate to afford 0.4 
g of l'cvclopentvl-3'ethv l-^ - r4 - (1-imidazolvl )r>henvl 1 - 
pvrazolo'3.4-d1 Dvrimidin-4 -one 1/2 hvdrate. m.p. 300''C. 

(b) 

Alternatively, the product can be obtained as follows: 
To a mixture of imidazole (5.13 g, 75.35 mmol), K2CO3 
(11.45 g and DMSO (50 ml) at room temperature was added to 4- 
f luorobenzonitrile (10.04 g) in one portion. The reaction mixture 
was stirred at room temperature for 1 hour, and then was warmed on 
a steam for 2 hours. The reaction mixture was cooled to room 
temperature, and poured into cold water. A precipitate formed 
which was collected by filtration and washed v/ith water and 
recrystallized from CHCl3/hexane to afford 4.07 g of 4-{l- 
imidazolyl ) benzonitrile . m.p. 146-148°C. 

To a mixture of 4- (1-imidazolyl )benzonitrile (0.9 g, 5.27 
mmol ) , i -cyclopentyi - 3 -ethyl - 5 -amino- IH-pyrazole- 4 -carboxamide 
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(1.17 g) in DMF (20 ml) at room temperature was added NaH (0.'63 g, 
60% dispersion in mineral oil) . The reaction mixture was stirred 
at room temperature overnight, additional NaH (0.5 g) was added 
and the mixture was stirred at room temperature for about 2 days. 
The reaction mixture was ' ppured into ice/water (500 ml)., 
neutralized with acetic acid and the precipitate which formed was 
collected by filtration, washed with hekanes,' dissolved in CHCI3, 
dried over MgS04, filtered and concentrated in vacuo? The residue 
was recrystallized from ethyl acetate, . combined with the product 
obtained from two similar experimental runs and then 
recrystallized from CH3CN/CHCI3 to afford l-cvcloperatvi-3-ethvl-g- 
f 4 - (l-imidazolvl ) nhenv 11 pvra zol e r 3 . 4 -dl pvr imidin-4 -one m.p. 
>300^C, 

I 

(a) 

To a solution of ethyl salicylate (100 g, 0.602 mol) in 
DMF (400 ml) was added K2CO3 (150 g), .followed by the dropv;ise 
addition of allyl bromide (87.5 ,0.723 mol). The reaction 
mixture was then heated on a steam bath. for 2 hours, the K2CO3 was 
-removed by filtration and the reaction mixture was poured into 
water and extracted v;ith ethyl acetate (3 x 300 ml). The organic 
layer v/as washed v/ith brine, and dried over MgS04, and the solvent 
was removed to afford 122 g .(98%) of et hvl 2 - r 2 - 
propenvloxv ) benzoate . 

(b) 

Sodium spheres (207 mg) was dissolved in ethanol (15 ml) 
and 1 -cycl open tyl -3 -ethyl -5 -amino- lH-pyra2ole~4 -carboxamide (1 g , 
45 mmol) was added, followed by ethyl 2- (2-propenylcxy )ben2oate 
(1.85 g, 9 mmol). The reaction mixture was refluxed overnight, 
cooled, the ethanol was stripped and water was added. The pH was 
adjusted to about 7 and a solid was isolated by filtration. The 
solid was taken up in ether, washed with dilute HCl, dried over 
MgS04, filtered and the solvent was removed and the solid residue 
was recrystallized from ether to afford 0.56 g of l-cvclopenrvl>3- 
ethvl-A. f?. (rH2=rH-CH20^nhenvllPvra2olof3 . 4-d1Pvrimidin-4-one , 
m.p. 119-120^0. 
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A mixt;jire of 1-cyclopentyl - 3-echyl-5-ainin6"lH-pyrazole-4 
carboxamide (2.03 g, 9.14 mmol), 4 -'[ 3 - (dimechylamino ) propoxy ] 
benzaldehyde (2.76 ml), and xylenes was heaced at 120°C for 1 
hour, then at leC^C for 6 hours. p-Toluenesulf onic acid (300 mg) 
was added and the mixture was heated. at 160°C until the reaction 
was complete. The reaction mixture was cooled to room temperature, 
and a creamy white solid formed; which was collected by 
filtration, v^ashed with methanol and recrystallized from ethyl 
acetate to afford 2-cvclo Dentvl> 3-er.hvl -6-r4 - f?- 
(dimerhvlamino)nronoxvlnhenvl 1 nvrazolofS . 4 -d 1 pvr imidin- 4 >onP , as 
a white solid, m.p. ITS-ITS'^C. 

(a) 

To a solution of salicylaldehyde {'2 ml) in acetonitrile 
(20 ml) was added K2CC3 (5.71 gi. followed by iJ-(2- 
chloroethy i ) morpholine hydrochloride (3.5 gj and then the mixture 
was stirred at room temperature for 2 hours, then at reflux 
overnight. The reaction mixture was cool.ed tc room temperature, 
filtered, and the filtrate was concentrated in vacuo to afford 2- 
(2- ( 4 "morpholinvl )etho xv1 benzaldehyde . as a yellow. oil. 

(b) + (c) 

A mixture of 1 -cyclopentyl -3 -rethyl - 5-aminc- l.H-pyrazole-4 - 
carboxamide. (0.95 g, 4.28 mmol) , 2 - [ 2 - ( 4 -morphol iny 1 ) ethoxy J 
benzaldehyde (1.51 g) and xylenes (1.5 ml) was heated to 120°C for 
1 hour, then co loO^C until the reaction was complete. The 
reaction mixture was then cooled to room temperature, the solvent 
was removed in vacuo, and the residue was purified by silica gel 
chromatography eluting with ethyl acetate (100%), followed by 
ethanol/ethyl acetate (1/1) to afford l-cvclooentvl -3 -ethvl -6- ■ 2- 
f2' M-morpholinvl)ethoxv]phenvnnvrazolof 3. 4-d}r;vrimidin-4-onP 
(Example 11 (b) ) , as an oil. The free base was then converted into 
its hydrochloride salt, which was recrystallized from ethanol and 
dried at 110**C under high vacuum to afford 0.5 g of l-cvclopentvl - 
3'ethvl-f;- f2- f2- M-mnrpholinvl )etho>:v1phenvl]nvr5ZQlnn . 4-ri1 
pvrimidin-4-one monohvdrochlor ide . as an off-white powder, m.p. 
235"237*'c, labelled as Example 11 (c) . 
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(a) 

A mixture of 2 - f ormylphenoxyagetic acid (9.01 g, 0.05 
mol) , ethanol (4.6 g) , concentrated H2SP4 (0.4 ml5 and toluene (40 
ml) was heated to reflux with azeotropic removal of water for 1 
•hour. The reaction mixture wa^s' poured into 10% KHCO3 (100 ml), the 
layers were separated and , the aqueous, layer was extracted with 
ether (2 x 75 ml). The organic layers 'v^fere combined, and 
concentrated in vacuo to afford 9.1 g .?5 %) of 2 - 
( ethoxvcarbonvlrngthoxv ) benzaldehvde . 

(b) 

A mixture of l-cyclopentyl-3-ethyl-5-amir.3«TlH-pyra2ole-4- 
carboxamide (5.26 g, 23.7 mmol), 2- (ethoxycarbonylmethoxy ) 
benzaldehyde '9.10 g, 47.3 mmol), p- toluenesulf cr.ic acid .0.2 g) 
and • >rv'.lenes :100 mi; v;as reflu:::ed fcr IS hours v;i"h ::he azeotropic 
removal cf v;acer . The solvent v;as removed in vacuc, and the 
residue was treated with ethanol and evaporated -c dryness. The 
residue was partitioned between chloroform and 1C% aqueous K2CC3 , 
the layers v;ere separated and the aqueous layer was extracted with 
chloroform (100 ml). The organic layers were, combined/ and 
■. concentrated to dryness. The residue was preloaded cn silica gel 
and then was purified by column chromatography cn silica gel 
eluting with hexanes (100%) to 20% ether/hexane to afford 3.74 g 
(38 % ) of 1 ' r v c 1 o n e n r V I - 3 - e r h 1 - f - 12- 
( ethoxvcarbon'/imethoxv ) nhenvl 1 Dvrazolo . 4 - d 1 r-.-rimidin- 4 - one ', 
m.p. 116-117^C.. 

(a) 

To a solution of 3-Hydroxyben2aldehyde .3.05 g. 24.97 
mmol) in acetcnitrile (15 ml) was added K2CO3 (7.6 g), followed by 
N- (2-chloroethyl )morpholine hydrochloride (4.65 . The reaction 
mixture was stirred at room temperature for 30 minutes, then at 
reflux overnight. Additional N-( 2-chloroethyl) morpholine 
hydrochloride (0.93 g) and K2CO3 (0.7 g) were added and the 
mixture was refluxed for an additional 6 hours. The reaction 
mixture was ccoled to room temperature, filtered and the filtrate 
was concentrated in vacuo. The residue was partitioned between 
water and chloroform, the layers were separated and the aqueous 
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layer was excfacced with chloroform (2 x 75 mi) . The organic 
layers were combined, washed with brine, dried over Mgs64 , 
filtered and stripped to afford 7.3 g of 3 - i 2 ■ f 4 - 
morphollnvl ) gthoxvl ben2aldehvde . as an amber liquid. 

(b.) ^ 

A mixture of 1 -cyclopentyl-3-ethyl-5-amino-lH-pyra2ole-4 - 
carboxamide (1.05 g, 4.73 mmol), 3 - [ 2 - ( 4 -morphoiiny 1 ) ethoxy ] 
benzaldehyde (1.67 g) and xylenes (7 ml) was heated tc 160°C 
overnight. Additional aldehyde (0.4 g) was added and the mixture 
was heated at 160**C until the reaction was complete. The reaction 
mixture was cooled to room temperature, and a solid formed which 
was collected by filtration and. v;ashed .with ether. The filtrate 
was concentrated to dryness and the residue was combined v;ich the 
solid and v;as purified by column chromatography on silica gel 
eluting with ethyl acetate/ethanol (50/40) . The solid produce thus 
obtained was washed with ether, recrystaliized from ethyl acetate 
and then v;ashed with ether again to afford 2 - cvclooentvl - 3 -ethvl - 
6- r 3 - f 2 - M >morDhoI invl ) ethoyv 1 nhenvl 1 -nvrazolo f 3 . 4 >d 1 nvrimicin-4 > 
Sm&, m.p. 173-176°'c. 

Example 14- 

I 

A mixture of 1 -cyclopencyl- 3 -ethy 1 -5-amino- lH-pyra2oIe-4 - 
carboxamide (1.19 g, 5.38. mmol), 2-methD;-:y-4- 
carboxymethoxybenzaidehyde (1.13 g) and glacial acetic acid (25 
ml) was v;armed to reflu:< for 4 days. The reaction mixture was 
cooled to rcom temperature and the solvent was stripped tc afford 
a slurry vmich was washed with methanol, collected by filtration 
and then v/ashed v;ith ether. The product was recrystaliized from 
ethanol and v;ashed with ether to afford 1 -cvclopentvl - 3 -^"hvl -6- 
r f2-me^ ho^^v'-4-carboxvmerhox\0 nhe nvl Ipvrazclo f 3 . 4 >d 1 pvr i midm- 4 - 
one. 

A m.ixture of 1 - cyclopentyl - 3 -ethyl -5-amino-lH-pyra2oie-4 - 
carboxamide •;0.59 g, 2.65 mmol), 2-trif luoromethylbenzalcehyde 
(0.5 mi; and glacial acetic acid (25 ml) was refluxed overnight 
and then 0.5 equivalents of additional aldehyde was added and the 
mixture was refluxed for about 3 days. The reaction mixture was 
cooled to rcom temperature, the acetic acid was stripped and the 
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residue was cooled and rinsed with echer to give a white 'solid 
which was collected by filtration an* „recrystalli2ed from tert- 
butyl dimethyl ether /hexanes to afford 1 -rvrlopentvl-3-ethvl-g- (2- 
trif luoro mfir hvlphenvl ) -pvrazolo F 3 . 4 -d ! r>vr imidin - 4 -one > m.p. 201- 
202 °c: • , • 

A mixture of 1 - cy c Top e n t y 1 - 3 - e t hy 1 - 6 - [ 2 - 

■ { ethoxy car bony Imethoxy ) pheny ] pyrazolo [ 3 , 4 -d ] pyr imidin- 4 -one (3.0 

g, 7.3 mmoi), K2CO3 (3.04 g), water (20 ml) and ethanol (50 ml) 

was refluxed for 1.5 hours. The reaction mixture was cooled, the 

solvent was removed in vacuo and the ♦ residue was slurried v/ith 

water and acidified. A precipitate formed which was collec'ted by 

filtration, recrystallized from isopropanol and dried at SO^'C. The 

sol.id.was dissolved in 10% K2CO3 (100 ml), treated with DARCC® ' 

filtered and the filtrate v;as acidified v;ith acetic acid. A 

precipitate formed which was collected by filtration and dried at 

llO^C. The solid product was combined with the solid product 

I- . ' . . . • • • • 11 • . ♦ 

.obtained from a similar experimental^ run, stirred with 6N HCL (IGO 

ml), filtered and dried with P2O5 at lOO^'C under vacuum to afford 

2.09 \g of 1 -cvclopentvl hvl f 2- f carboxvmet hoxv ) phenvl 1 

pvra2Qlof3.4>dlpvrimidin-4 --nne 1/2 hvdrate. m.p. 206-209^C. 

Example 17 

(a) 

To a mixture of water :500 mi) and 85% KOK :37.91 g) at 0 
°C was added 30% H2O2 (49.4 :r.i , 483 mmol), follov.-ed by 1-tert- 
butyl-5-amino-lH-pyra20le-4-carbonitrile (15.83 g, 96.5 mmol) . The 
reaction mixture was stirred for four hours at 0°C and then at 
room temperature for 1 hour. A yellow precipitate had formed which 
was collected by filtration and air dried to afford 13.2 g (75%) 
of l>terr>hnrvl>5-aminQ>lH-Pvr a?ole-4-rarboxamide. m.p, 193-195''C, 

(b) 

A mixture of 2-propc.xybenzaldehyde (3.0 g, 18.27 mmol), 1- 
tert-butyl-5-amino-lH-pyrazole-4-carboxamide (2.5 g, 13.7 mmcl), 
methanesulf onic acid (0.2 ml) and xylenes (50 ml) was refluxed 
overnight. The reaction mixture was stripped to dryness, treated 
with ethanol and again stripped to dryness. The residue v;as 
partitioned between chloroform and 10% KHCC3 , the layers were 
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separated, and^the aqueous layer was extracted with chloroform (2 
X 100 ml). The .organic layers were combined, and concentrated ' in 
vacuo and the residue, was dissolved in CH2CI2 (30 ml) and combined 
with silica gel (20 g) . The preloaded silica gel was placed on a 
silica gel column and eluted with 10% ether /hexanes , follqwed by 
ether (100%) to afford 0.98 g (22%) of 1 Tt ere -butvl - - ( 9 - 
propoxvDhenvl)Dvrazolor3. 4-dlpvrimidin-4-one 1/100 hvdrarp. m.p. 
130-13rc. ' . • . 

(c) 

A mixture of 1 - tert -butyl-6- (2-propoxyphenyl ) pyrazolo ( 3 , 4 - 
d] pyrimidih- 4 -one 1/100 hydrate (0.68' g, 2.1 mmol ) and 
trif luoroacetic acid J50 mi) was heated on a steam bath for 3.5 
hours. The reaction mixture v;as stripped 'o dryness and che 
residue v;as purified by column chromatography on silica eel 
eluting with ether to afford 0.45 c (79%) of 6-^2- 
propoxvphenvl ^nvrazolo.f 3 . 4 - d 1 nvr imidi n - 4 - one » I .'4 hvdrarg. m.p. 
170-171°C, ' '.'"*" ' 

' • (a). * " " . 

To a solution of 4 -hydroxybenzaldehyde (4.04 g, 23.08 
mmol), in acetonicriie (50 mi) v/as added K2CO3 (10.1 g), followed 
by N- ( 2 - chlproet hy 1 ) morphol ine hydrochloride ';6.16 g). The 
reaction mixture was heated to reflux overnight, additional N-':2- 
chloroethyl ) morpholine hydrochloride (0.6 g) and K2CO3 (0.5 gi 
were added and the mixture was refluxed for another 3 hours. The 
reaction mixture was cooled to room temperature, filtered, and the 
filtrate was treated with DARCO®, filtered and the solvent v/as 
stripped. The residue was partitioned betvjeen saturated NaHCOj 
(150 ml) and ethyl acetate (300 ml). The layers v^ere separated and 
the organic layer was v/ashed with IN NaOH, dried over MgSC.; . 
filtered and stripped to afford, as an amber oil, 6.41 g of 4-^2- 
(4-mornho2 invl ) pthQ>r^'l benzaldehvde . 

(b) 

A mixture of 1 -cyclopentyl -3-ethyl -5-amino- IK-pyrazole--^ - 
carboxamide (2.19 g, 9.86 mmol), 4 - ( 2 - 4 - 
morpholinyl ) ethoxy i benzaldehyde (3.5 g) ar.d xylenes '10 ml) v;as 
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heated at 160°C overnight. p-Toluenesulf onic acid (0.2 g*) was 
added and the mixture was heated at IGQ^'C overnight. The reaction 
mixture was cooled to room temperature., and the precipitate which 
formed was slurried v/ith methanol, collected by filtration and 
washed with methanol, anc3 , then ether. The product v;as 
recrystailiz'ed from acetonitrile to af ford 1 -cvclor^nryi -3-ethvl- 
6- f4- f 2-:(4-mornholinvl)erhnxv1r>hen vnnvrazoloif 3. 4-d^^•■•riInidin-4- 
orie . 



Fxamnle 19 
(a) 

To a mixture of 3 -hydroxybenzaldehyde z.42 g, 44.38 
mmol). K2CC3 (13.5 g) and acetonitrile was added N-(2- 
chloroethyl ) piper idine hydrochloride (9.8 g) . The reaction mixture 
was refluxed overnight, cooled to room, temperature and filtered. 
.The filtrate was stripped to give an oil which v:2S partitioned 
between CHCI3 (350 ml) and IM NaOH (200 ml). The organic , layer was 
separated, v;ashed with IM NaOH (2 x 200 ml), treated with DARCO®, 
then MgS04 , filtered, and stripped to afford, as a dark oily 
liquid, 6.28 g of 3 - f 2- ( 1 -pinprdinvl ) ethoxv 1 benzaldehvde . 

(b) 

A mixture of 1-cyclopentyl- 3 -ethyl -5-aminc- IH-pyrazole-^ - 
carboxamide ;2.02 g, 9.09 mmol), 3- [2- (l-piperiiinyl ) ] ethoxy ] 
benzaldehyde (3.18 g) and xylenes (10 ml) was refluxed overnight. 
Additional aldehyde (0.5 g) was added and the mixture was heated 
at 160°C for £ hours. The reaction was still not complete so an 
additional 0.5 g of aldehyde was added and the mixture was 
refluxed for about 2 days. The reaction mixture was cooled, 
filtered and stripped to afford an oily residue. The residue was 
treated with acetonitrile and chilled and the precipitate which 
formed was collected by filtration and washed wirh ether. The 
product was purified by column chromatography cn silica gel 
eluting with ethyl acet at e/hexanes (1/1). followed by 
recrystallization from acetonitrile to afford, as a white solid, 
l-cvrlnnpnrvy: -'.orhvl-g- f 3- f2- fl- 
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Piper idinv 1 )etjioxv1 Dhenvllpvrazolof 3 . 4-dlDvri mid in- u-nnp m.p. 
180**C . • ■ ' 

Example 20 
(a) 

To a mixture of 3 -hydroxybenzaldehyde (5.17 g,. 42.34 
mmol), K2CO3 (5.85 g) and acetone (50 ml) was added ethyl 
bromoacetate (5.2 ml). The reaction ntixture was stirred at room 
temperature overnight, additional K2CO3 (1 equivalent) was added, 
the mixture was stirred for one hour, then additional ethyl 
bromoacetate (0.5 equivalents) was added and the mixture was 
stirred at room temperature until- the reaction was complete. The 
reaction mixture was filtered, water was added to the filtrate and 
the solvent was removed. The residue was dissolved in ether, 
extracted with IM NaOH (2 x ICQ mi), and the ether layer v;as dried 
over MgSC^ and stripped to afford, as a liquid, 7. 35 g of 3 - 
(etho.wcarbonvlmethoxvl henzaldehvde . 

(b) 

A mixture of 1 -cyclopentyl~3 -ethyl-5-amino-lK-pyrazole-4 - 
carboxamide (3.54 g, 15.95 mmol), 3 - { ethoxycarbony imethoxy ) 
benzaldehyde (4.3 <g ) and xylenes (20 ml) was heated at 160°C 
overnight. The reaction mixture was cooled to room temperature, a 
solid formed which was collected by . filtration and v;ashed v;ith 
methanol and. then ether. The product v;as recrystail ized from 
acetonitrile to afford 2.48 g of 1 - cvcl ooentv 1 - 3 - et hv 1 > ^ ^ f > 
iethoxvcarbonvl methoxv ) ohenvl 1 pvrazolo f 3 . 4 -dl Dvrlmidin-4 -one . An 
additional 0.3 g of product was also obtained from the 
recrystallization of the filtrate for a total of 2.78 g. 

Example 21 

To a slurry of 1 - cy c 1 open t y 1 - 3 - e t hy 1 - 6 - [ 3 - 
( ethox-y car bony Imethoxy ) phenyl ] pyrazolo [ 3 , 4 -d ] pyrimidin- 4 -one (1.23 
g, 3.0 mmol) in ethanol (10 ml) was added water (100 ml), followed 
by 85% KOK (0.4 g) . The reaction mixture was heated on a steam 
bath for 3 hours, cooled to room temperature and filtered. The 
filtrate was chilled and acidified with acetic acid to afford a 
white precipitate, v;hich was collected by filtration and washed 
with water, then ethanol, and finally ether. The product v;as 
combined v.-ith the product from another experimental run and then 
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was recrystallized from DMF/CH3CN to afford 0.98 g of 1 - 
cvclopentvl-^>prhvl-f;- n- (carboxvjnethow)phenvnnvrazolof3. 4> 
dlPvrimidin>4-Qne. m.p. 299-300**C. 

E^^ainp^e 22 
• ■ , (a) • 

•^o a mixture of ,3 -hydfoxytjerizaldehyde (4.15 g, 33.98 
mmol), KOH (4.93 g) and DMSO (50 ml) Was added ( 2-chloroethyl ) 
pyrrolidine hydrochloride (6.94 g). The reaction mixture was 
stirred at room temperature overnight then was poured into water 
(750 ml) and ethyl acetate (350 ml) was added. The layers were 
separated, the aqueous layer was extracted with ethyl acetate and 
the combined organic layers were washed with water (2 x 1000 ml), 
dried over MgS04 , filtered and stripped to afford 7.12 c of 3- f 2- 
q-rvrrolidinvl ) et hoxv 1 bon:?aldehvdg . 

(b) 

A mixture of 1 -cyclopentyl - 3 -ethyl - 5 -amino- lH-pyra2olo-4 - 
carboxamide (2.32 g, 10.45 mmol), 3- [2- ( 1-pyrrolidinyl ) ethoxy ] 
benzaldeyde' (2.98 g), and xylenes ^ (10 ml) was heated at 160°t: 
overnight. Additional aldehyde (0.5 g),. and p- toluenesulf.onic acid 
(0.5 \g) were added and the heating was continued at 150°C 
overnight. The reaction mixture was cooled, the solvent was 
stripped and the residue was purified by column chromatography on 
silica gel eluting with ethyl acetate (100%) then ethanol /ethyl 
acetace (1/1), followed by recrystallizat ion of the product from 
acetcnitrile . Additional product v/as obtained by preparative thin 
layer chromatography of the mother liquors from the 
recrystallization steps eluting with ethyl acetate to afford a 
total of 0.6 g (14 %) of 1 -cvclopentvl - 3 -ethvl - <S ■ f 7 - r2> f 1 - 
pvrrriidinvnprhnxvlphenvnnvrazolori . 4-d1 Pvrimidin-4-ong . 

Example 2 3 
(a) 

To a mixture of 3 -hydroxybenzaldehyde (5.44 g, 44.55 
mmol , K2CO3 (13.6 g) and DMF (50 ml) was added in portions 2- 
dimethylaminoethylchloride hydrochloride (7.1 g) . The reaction 
mixture was stirred at room temperature overnight, filtered and 
the filtrate was stripped. The residue was diluted with IN HCl 
(300 ml), and extracted with ether, and the ether layer was dried 
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over MgS04 ancj stripped. The acidic aqueous layer was cooled and' 
then treated with 8N NaOH till basic, then it was extracted with 
ether (-3 x 150 ml).- The ether layers were combined, dried over 
MgS04, filtered and stripped to afford, as an oily liquid, 1.43 g 
of 3 - r 2 - (dimgthvl amino ) gr hoxv 1 hpngaldehvde . 

(b) + (c) 

A mixture of 1-cyclopentyl -3-ethyl -5-amino-lH-pyra2oie-4 - 
carboxamide (3.50 g, 15.74 mmol), 3- (2- (dimethylamino) ethoxy ) 
benzaldehyde (S.95 g) and xylenes (10 ml) was heated at IGO'^C 
overnight. The reaction mixture was cooled to room temperature, 
the solvient was stripped, and the residue was partitioned between 
chloroform and water. The layers were separated, and the aqueous 
layer was extracted v/ith chloroform. The organic layers v;ere 
combined, v/ashed with brine, dried over MgS04 , filtered and 
stripped to afford, as an oil, 1 -cvclopenrvl - 3 -ethvl -6- f ? - f 2 - 
(<gim^thyJ,gminQ) ^t:hQ:-;v ' phenyl Ir^vr^^QlQ f 3 . 4 I pyr ;m;i(?;Ln-4 "gn? 
labelled as [Example '23 (b)]. The free base was created with 
ethanclic HCl to afford the product as. the hydrochloride salt 
[labelled as Example 23 (c) ] . 

Example 24 

(a) 

A mixture of 3-f luorobenzonitrile (18 ml, 158.38 mmol), 
imidazole (11.46 g) , K2CO3 (25,59 g), copper (1.75 g; , potassium 
iodide (1.75 g) and DMF (125 mi) was. refluxed overnight. The 
reaction mixture was cooled to room temperature and poured into 
ice/water (600 ml). A precipitate formed, which was collected by 
filtration, washed with water, dissolved in ethanol (25 ml)/CHCl3 
(500 ml) and filtered. The filtrates were partitioned in water, 
the organic layer was separated, dried over MgSO^ and stripped. 
The residue was combined with the product from another 
experimental run and was recrystallized from CHCI3 /hexanes to 
afford 13.4 g of (I- imidazolvl ) benzonirrile . 

(b) 

To a mixture of 3- ( 1-imidazolyl ) benzonitrile (3.16 g), i- 
cyclopentyl -3 -ethyl -5-amino-lH-pyra2ole- 4 -carboxamide (3.77 g , 
16.98 mmol) and DMF (75 ml) v/as added NaH (0.78 g, 60% dispersion 
in mineral oil). The reaction mixture v;as stirred at room 
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temperature for about 2 days, then addicionai nitrile' (0.1 
equivalents) and NaH (0.2 equivalents) >were added and the mixture 
was stirred at room temperature overniight. The solvent v;as 
stripped, and the residue v;as partitioned between chloroform (150 
ml) and water (350 ml). The layers were separated, the aqueous 
layer was extracted with cl:ilorf orm (2 x 100 ml), and the organic 
layers were combined, washed with brine,' dried over MgSO i , 
filtered and stripped. The product was dissolved in hot tert- 
butyldimethyl ether, filtered and stripped. The residue v-as 
treated with CH3CN and the solid which formed was collected by 
filtration to afford 2.10 g of i ^rvclopentvl -3-ethvl -6- f 3 - 
imidazolvl ) ohenvl 1 nvrazolo f 3 , 4 -d 1 pvr i mi din- 4 >amine . 

(c) 

' To • a solution of. 1 - cy clopenty 1 - 3 -e: hy 1 - 5 - ( 3 - i - 
imidazolyl ) phenyl ] pyrazolo [ 3 , 4-d]pyrimidin-4-amine 6.24 g, 1 v .7 
mmol), in 45 ml of H2O/K2SO4 (1:1) in an EtOH/ice bath was adcied 
sodium nitrite (5.77 g) in water (5 ml) in small portions over 1.5 
hours. The reaction mixture was v/a^m^d to room te.'nperature .;;nd 
stirred pvernight . The reaction mixture v/as poured into iceVv/acer 
. (500 rhl) and neutralized with NH4OH to afford a yeiizv; precipit te 
which was collected by filtration, washed with water, then ethir. 
The product was recrystallized from EtOAc/MeOH, -hen MeOH :o 
afford 1- - r v r 1 o P e n r v 1 - - t h V 1 - - - f 3 - ^1 - 

imidazQlvl^phenvllpvrazolof 3 . 4 -d 1 nvrimidi n-4 -one, m.c. 254-265V, 

(a) , 

To a mixture of 3 , 4 -dihydroxybenzaldehyde 3.4 6 g, 25.05 
mmol),, K2CO3 (11.08 g) and DMF (50 ml) which was srirred at r:.om 
temperature for 1 hour, was added N- ( 2-chloroethyl) morphol : ne 
hydrochloride (9.79 g). The reaction mixture was stirred at r: om 
temperature overnight, then on a steam bath for 6 hours. Starting 
material was still present so additional K2CO3 (1.73 g) and N--2- 
chloroethyl : morpholine hydrochloride (4.66 g; were added and ^ he 
mixture was heated on a steam bath overnight. The reaction mixt^. re 
was filtered, the filtrate was stripped and the residue was tar.en 
up in 2N KCi (200 ml) and partitioned with CHCI3 :100 ml). The 
aqueous layer was extracted with CHCI3 -2 x 150 ml), and -he 
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organic layers ^were combined l The aqueous layer was chilled, ci.en 
treated with concentrated NH4OH until rteutral. The aqueous layer 
was then extracted with CHCI3 (3 x 150 ml), and the organic layers 
were combined, washed with brine, dried over MgS04, filtered v;nd 
stripped to afford 3 . 4 - f 2 - (4-morpholinvl ) ethoxvlben^aldPhvdP.. 

(b) 

A mixture of l-cyclopentyl-3-ethyl-5-amino-lH-pyrazole-4 - 
carboxamide (2.09 g, 9.4 mmol), 3 , 4 - [ 2 - { 4 -morpholiny 1 ) ethcxy ] 
benzaldehyde (5.14 g) and xylenes (25 ml) v;as heated at 160°C for 
about 2 days. Starting material was still present so p- 
toluenesuif onic acid (6.0 g) was added and the mixture v;as heared 
at 160°C overnight. The reaction mixture was cooled to room 
temperature, water and methanol were' added and the mixture vas 
stripped to afford an oily residue. The residue v;as parcicic:.ed 
between IN MaOH (300 ml) and EtOAc (100 ml), the layers vy-re 
separated, and the aqueous layer was extracted with EtOAc (1 x -50 

ml). The organic layers were combined, v^ashed with brine, dried 

, ........ 

over MgS04 , filtered and stripped. The solid product •■as 
recrystallized from EtOAc to afford 1.51 g of 1 -cvclooentvl - 3 - 
ethvl-6- f 3 . 4- f 2- (4-morpholinvI yethoxv 1 nhenvH pvrazolo f 3 . 4 ■ 
dlnvriTnidin-4-nnP. 

(a) 

To a mixture of ethyl 2-hydroxybenzoate (2.4 ml, 16.38 
mmol) . K2CC3 (4.98 g) , and DMF (30 ml) was added N-;3- 
chlort;propyl ; morpholine hydrochloride (3.93 g). The mixture 'as 
stirred at room temperature for 30 minutes, then was warmed or. a 
steam bath overnight. The reaction mixture was cooled, filtered 
and stripped to afford a liquid which was partitioned betw^.en 
EtOAc (350 mi) and water. The organic layer was separated, v;asf.ed 
with water '2 x 200 ml), dried over MgS04 and stripped to afford 
gthvJ- 2 - r 3 . : 4 -morphol invl ) pronox\^ 1 benzoat e . 

(b)-^(c) 

Sodium spheres (0.42 g) were dissolved in ethanol (20 :r 1 ) 
and then 1 -cyclopentyl-3 -ethyl-5-amino-lH-pyra2ole-4-carboxam:de 
(2.02 g, ?.10 mmol) was added, followed by ethyl 2- (3- '4- 
morpholinyi . propoxy ) benzoate (5.33 g). The reaction mixture 'as 
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refluxed for 3 days, then stirred at room temperature, and then 
the solvent was stripped. The residue Has dissolved in water (250 
ml), acidified to a pH of about 7 with acetic acid and extracted 
with CHCI3. The organic layers were v^/ashed with brine, dried over 
MgS04 • and stripped to afford, an oil.- The oil was taken up in 
ether, faltered and the filtrate w^s. stripped and purified by 
column chromatography on silica eluting' with 'EtOAc (100%) followed 
by EtOAc/MeOH (80/20) to afford 2.71 g of l-cyclopentyl-3-ethyl-6- 
[ 2 - ( 3 - ( 4 -morphol iny 1 ) propoxy ] phenyl ] pyra'zolo [ 3 , 4 -d ] pyr imidin- 4 - 
one. as a liquid [labelled as Example 26 (b) ] . The free base was 
treated with EtOH-HCl and 1.14 g of the hydrochloride salt 
(labelled as Example 26 (c)) was obtained, m.p. 220-221**C. 

E^gp^pl? 27 • 
. (a) 

To a stirred solution of KOK (5.81 g) in DMSO (15 mL) was 

added imidazole (5.0 g, 73.4 mmol i . The mixture was stirred fori 

hour, then 2- f luorobenzoni trile (8.76.mL) in DMSO (10 mL) was 

.added dropwise over 20 minutes. The reaction mixture was stirred 

at room temperature overnight and the product was collected by 

filt^^tion and washed with water to . afford 10.91 g of 2 - ( 1 - 

♦ 

imidazQlvl ) bpn^nni rri le as a white solid. 

(b) 

To a mixture of 2 - ( 1 - imidazolyl ) benzonitrile (3.14 g) , 1- 
cyclopentyl-3'ethyl-5-amino-lH-pyrazole-4-carboxamide (3.75 g , 
16.59 mmol) and DMF (75 ml) was added 60% NaH (0.78 g, 60% 
dispersion in mineral oil) . The reaction mixture was stirred at 
room temperature overnight, poured into ice/water (600 ml) and 
treated with acetic acid until a pH of 7 was obtained. The product 
was collected by filtration, and recrystallized from EtOAc/hexane 
to afford 2.82 g of l-cvclo nentvl-3-'ethvl-g-f2-'l- 
imidazolvDDhenvn nvrazolof 3 . 4-d1Pvr:midin-4-amine-l/4 hvdrate. 

(c) 

To a solution of 1 - cy clopenty 1 - 3 - e t hy 1 - 6 - [ 2 - ( 1 - 
imidazolyl ) phenyl 1 pyra2olo[ 3 , 4-d)pyrimidin-4-amine 1/4 hydrate 
(2.55 g, 6.837 mmol) in 35 ml of H2O/H2SO4 (1/1) in an EtOK/ice 
bath was added dropwise NaN02 (2.36 g) in water (10 ml) over 2 
hours. The reaction mixture was stirred ovenight, poured into ice 
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water (750 ml and neutralized with NH4OH. A precipitate formed* 
which was collected by filtration, arid washed with water, then 
ether to afford 0.75 g of the product. An additional 1.74 g of 
product was extracted from the filtrate and these combined product 
fractions' were recrystallized from EtOAc, and then were dissolved 
in chloroform and stripped to afford, as a white powder, 1.42 g of 
l-CVClooentvl-3-ethvl-6- f2- (l-imida^ol vDDhgnvllDvrazQlon .4- 
dlPvrimidin>4-onP. m.p. 192-194*^0. 

A mixture of l-cyclopentyl-3~ethyl-5-amino-lH-pyrazole-4- 
carboxamide (2.0 g, 9 mmol), 4 -ni trob.enzaldehyde (2.04 g, 13.5 
mmol ) , methanesulf onic acid (0-25 ml) and xylenes (50 ml) was 
heated at reflux overnight, followed by an additional 6 hours. 
Ethanol (200 ml) v/as added to the reaction mixture, v;hich was then 
refluxed and then treated with DARCO®. The reaction mixture was 
filtered, concentrated to 100 ml and then cooled. Yellow needles 
formed, which were collected by filtration and washed with ether 
to afford 0.53 g (17%) of i-cvclopentvl-3>erhvl-'6 - < A - 
nitroDhenvl )pvra2Qlof 3, 4>dlDvrimidi n-4-one . m.p. 321-323°C (dec.)..' 

Example 29 
(a) 

To a mixture of l-cyclopentyl-3-ethyl-5-amino-lH-pyra2ole- 
4-carboxamide (5.0 g, 22.5 mmol ) , ethyl 4 -chloro-2-ethoxyben2oate 
(5.4 g, 23.6 mmol) and DMF (50 ml) cooled in an ace bath was added 
NaH (3.9 g, 97.5 mmol, 60% dispersion in mineral oil). The 
reaction mixture was stirred in the ice bath for 2 hours, then at 
room temperature overnight. The reaction mixture was then 
concentrated in vacuo, and the residue was treated with water (100 
ml) and acidified with acetic acid. The mixture v;as extracted with 
CHCI3 <2 X 150 ml), the organic layers were concentrated in vacuo 
and the oily residue was crystallized from ether. The product v;as 
collected by filtration and dried. Recrystallization of the 
product from isopropanol /ether afforded 6.2 g of 1 "cvclnpentvl - - 
ethvl f4-chloro-2-grho>:vphenvlcarbQyamido> -lH-pvr a2Ql^-4> 
carbQxamid^. m.p. 1"5-177**C. 

(b) 
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A mixture of 1 -cyclopenty 1 - 3 -ethy 1 - 5 - (4-chloro"2- 
ethoxyphenylcarboxamido) -lH-pyra2ole-4rcarboxamide (1.0 g, 2.11 
mmbl) and N-inechyl-2-pyrrolidinone (3 n;il) was heated at 185 - ISC' 
C for 6 hours. The reaction mixture was cooled to room 
temperature, and treated with water (25 ml) and the product was 
collected by filtration and recrystallized from isopropanol to 
afford • l-cvclopentv l-3-ethvl-6- (4-chloro-2- 
ethoxvphenvl)pvra2olQf3, 4-d1pvrimidin-4-Qne, m.p. 1S5-187^C. 

Example 30 /. 

A mixture of 1 -cyclopenty 1 -3 -ethyl -5 - ( 4 -chloro-2 - 
ethoxyphenylcarboxamido) - iH-pyrazol e- 4 - carboxamice (4 g, 9.8 
mmol), imidazole (5.0 g/ 73.5 mmol ) , KF (4.5 g, 7*7.5 mmol) 'and N- 

■methyl-2-pyrrciidinone (10 ml) was heated at 185 - 190 °C for 2.5 

I 

hours,, then at room temperature overnight. v;ater {2j ml) was added 
to the reaction mixture, and the mixture was acidified v;ith acetic 
acid. A precipitate formed which was collected zy filtration, 
washed with v;ater and dried to afford 2.8 g of 1 - rvclonentvl -3 - 
' etiivl-6- ('4-chloro-2-hvdroyv nhfinvl)pvra2olof 3, 4-dlpvri.T.idin-4-6he,.' 
as white needles, m.p.> 300''C. 

\ . E^^gmplg 31 • 

To a mixture of 1 - cy c 1 open ty 1 - 3 - e t hy 1 - 6 - ( 4 - 
nitropheny 1) pyrazolo [ 3 , 4 -d] pyrimidin-4 -one (1.38 g, 3.9 mmol), 
SnCl2-2H20 (2.64 g, 11.72 mmol), ethancl (24 ml) and water (10 ml) 
was added concentrated HCl (14.5 ml). The reacticn mixture was 
refluxed for 2 hours, cooled, and the product v;as collected by 
filtration and dried in vacuo to afford 0.85 g (67%) of 1^ 
cvclopentvl -?-ethvl -6 - f 4 -amino nhpnvl ) m-r-izolo f 3 . 4 -d * r?vrimidin-4 - 
one hydrochloride 1^3 hvdrate , m.p. 279°C (dec). 

A mixture of l-cyclopentyl-3-ethyl-5-amino-lH-pyrazole-4- 
carboxamide (2,0 g, 9.0 mmol), 2 , 3-dihydrobenzo [b] f uran-5 - 
carboxaldehyde (1.73 g, 11.7 mmol), methanesulf onic acid (0.25 ml) 
and xylenes (50 ml) was refluxed for 20 hours and then allowed to 
stand for about 2 days. The reaction mixture was diluted v;ith 
ether and the product was collected by filtration and dried to 
afford 1.65 g (52%) of 1 - rv r 1 n r^n r y l > 3 - q h v 1 - a . ; o . 3 - 
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dihvdrobenzQ F^l fur;^n>S-v] ) nvrazolof 3 . 4 -d 1 pvr imiGin- 4 -onp 1/10' 
hvdratg^^m.p. 253'-254*^C. 

To a mixture of 1 - cy cl open ty 1 - 3 - e t hy 1 - 6 - ( 4 - 
aminophenyl )pyra2olo[3,4-d]pyriinidin-4-one hydrochloride 1/3 
hydrate (0.61 g, 1.7 mmol) in dry pyridine (20 ml) in an ice bath 
was added methanesulf onyl chloride' (0.49 g, 4.25 mmol). The 
reaction mixture was stirred *^at room temperature for about two 
days, the solvent was stripped to dryness and the residue was 
treated with water. The product was collected by filtration and 
recrystallized from ethanol. after DARCO® treatment, to afford 
0.49 g '{72%) of I-cvclQpgnrvr-3-er. hvl-6 - f4> 
(methvlsulfcnvl amino)Dhenvl 1 ovrazolcf 3 . 4 -d 1 pvrimidi n-4 -opp . m.p. 
325°C (dec. } . 

Example 3 4 
(a) 

To a solution of 2-hydroxybenzaldehyde (5.11 g, 0.05 mpl ) 
in DMF (50 ml) under argon in an ice bath v;as added NaH (2^.0 g, 
0.05 moi, 60% dispersion in mineral oil), followed 1 hour later by 
2-chloroethylmethyl ether (4.73 g, 0.05 mol). The reaction mixture 
was allowed to stand for about 2 days, then v;as heated at 70°C for 
7 hours. The reaction mixture was stripped to dryness, the residue 
was partitioned between water and CHCI3, the layers v;ere separated 
and the aqueous layer was extracted with CHCI3 (2 x 75 ml). The 
product appeared to be in both layers, thus they were concentrated 
in vacuo and the residue was purified by column chromatography on 
silica gel eluting v/ith ether to afford 1.5 g of 2-12- 
(methox\^ ) hoxv 1 benzaldehvde . 

(b) 

A mixture of 1-cyclopentyl -3 -ethyl-5-amino- lH-pyra2ole-4 - 
carboxamide (1.07 g, 4.8 mmol), 2- (2- (methoxy ) ethoxy ] benzaldehyde 
(1.31 g, 7.2 mmol), xylenes (40 ml) and methanesulf onic acid (0.25 
ml) was refluxed overnight. The reaction mixture was stripped to 
dryness, the residue was partitioned betv/een CH2CI2 and water, the 
layers were separated and the aqueous layer was e:-:tracted v/ith 
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CH2CI2 (2 X 100 ml) . The organic layers were combined, 
concentrated in vacuo and combined with silica gel (30 g) . The 
preloaded silica gel was placed on a silica gel column and eluted 
with hexane/ether (1/1) to afford, after crystallization from 
hexane/tert-butylmethyl efhe^r {25/10, 0.305 g (17%) of JL^ 
cvcIoDentvl-3-ethvl -6- f2-r2- f methoxv ) ethoxv' 1 phenyl 1 pvrazolo f 3 , 4 - 
dlDvrimidin-4 -one . m.p. 71-72 °C . 

(a) 

To a solution of 3-hydroxy-4-methoxyben2aldehyde (8.56 g, 
56.26 mmol) in CH3CN (50 ml) was added K2CO3 (17.1 g) with CH3CN 
(20 ml), followed 20 miiiutes later by N- (2-chloroethyl )mor^holine 
hydrochloride (11.52 g). . The reaction mixture was refluxed 
overnight, and then was cooled to room temperature, filtered, and 
the solvent v;as stripped to give, as an amber oil, 4-meth<?.^y-3" f 2-' 
(4-morpholinvl ) ethoxvl benzaldehvde . 

(b) 

A mixture of l-cyclopentyl-,3-^thyl-5-amino-lH-pyra2ole-4- 
carboxamide (1.25 g., 5.63 mmol), 4 -mechoxy-. 3 - [ 2 - ( 4 - 
morpl^olinyl ) ethoxy Ibenzaidehyde (1.64 g) , and x-ylenes (12 ml) was 
heated at 160°C overnight. Additional aldehyde (0.5 g) was added 
and the mixture was refluxed until complete, then cooled to room 
temperature. The solvent v;as stripped, the residue was slurried 
with EtOAc and the product was collected by filtration and 
combined with the product from a similar experimental run. The 
combined product was recrystallized from CH3CN to afford 
cvclope ntvl-3-et hvl-6~ f 4-methoxv-3- [2- f4- 
morphol i nv 1) et hox v 1 ohenvl 1 ovrazolo n . 4-dlpvr^midin-4-one, m.p. 
205-206^C. 

gx^pipA? 36 

l-cyclopentyl-3-ethyl-6- [2- (CH2=CH-CH20) phenyl ]pyrazolo 
(3 , 4-d]pyrimidin-4-one (5.84 g) was heated at 210°C for 2 hours. 
Ether was added and the mixture was filtered and the product was 
recrystallized from ethanol, then DMF to afford 3.42 g of 1^ 
cvclQpentvl-l-^fhvl-f;- f 2-hvdroxv-3- f2- 

propenvl ) ohenvl 1 ovrazolo f 3 . 4 -d 1 ovr imid in- 4 -one , m.p. > 280**C. 
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To -a mixture of 2-hydroxy-4 - (diethylamino) benzaldehyde 
(10.0 g, 51.75 mraol), K2CO3 (14.3 g) and DMF (150 ml) at room 
temperature was added ethyl iodide (4.1 ml). The reaction mixture 
was stirred for about two days, filtered and the filtrate was 
concentrated in vacuo. The residue was partitioned between ether 
and saturated Na2C03, and the organic layer was separated, dried 
over MgS04, treated with charcoal, filtered and • concentrated in 
vacuo. The solid product was recrystallized from hexane to afford, 
as a pink crystalline solid, 9.8 g of 2-ethoxv-4- 
(diethvl amino )hP nzaldehvdp . m.p. 53-59°C. 

•(b) 

A mixture of 2-'ethoxy-4- (diethylaminolbenzaldehyde (7.87 
g, 35.56 mmol ) , 1 - cy c lope.nty 1 - 3 - e thy 1 - 5 - amino- IH- pyr azol e- 4 - 
carboxamide (3.95 g; 17.78 mmol), p- toluenesul f onic acid 
monohydrate' (0.05 g), 10% palladium on carbon (0.11 g) and benzene 
(150 ml) was refluxed overnight' with the azeotropic removal .of 
water. The catalyst was removed by filtration, and the filtrate 
was concentrated in vacuo. The residue was combined with that from 
a similar experimental run, and dissolved in CH2CI2, and loaded 
onto a silica gei column. Elution of the column with ether/hexane 
(60/40) afforded a green foam v;hich.was, titurated with refluxing 
hexane, and cooled and the product, as pale yellow needles, was 
collected by filtration to afford 1.19 g (8%) of 1 -cvrloDentv] 
gthV^-^- f2-ethoxv-4- (Giethvlamino)nhenvl]nvra2 olof3. 4-dlDvrimidin- 
4'Qng> m.p. 138-139°C. 

Example 3 8 
(a) 

To a suspension of K2CO3 (82.88 g, 0.6 mol ) in CH3CN (300 
ml) was added 3 , 5-dihydroxybenzoic acid (4.62 g, 0.03 mol), 
followed 10 minutes later by N- ( 2 -chloroethy 1 ) morpholine 
hydrochloride (18.42 g, 0.099 mol). The reaction mixture was 
refluxed overnight, cooled, filtered and the filtrate was 
concentrated in vacuo. The oily residue was purified by column 
chromatography on silica gel eluting with acetone, followed by 
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Kugelrohr discillation at > 195°C and 0.2 mm Hg zz afford 7.45 g 
of 4-morpholinvlprhvl 3 . ■ f 2- ( 4 -mon oholinvl ) etho:-r^/ 1 bengoar p . 

(b) 

A mixture of 4 -morphol iny 1 e thy 1 3 , 5 -di - ( 2 - ( 4 - 
morpholinyl ) ethoxy ] benzoate (,2.0 g, 4 mmol)', i-cyclopentyl-3- 
ethyl-5-,'amino-lH-pyra2ole-4-carboxam,ide (6.45 g, 2 mmol), NaOCH3 
(0.23 g; 4 mmol ) and ethanol (50 ml) 'was rfefluxed for 96 hours. 
Tlie reaction was incomplete so. an additional equivalent of the 
benzoate and NaOCH3 were added and the mixture was reluxed for 48 
hours. The reaction mixture was stripped to dryness, and the 
residue was treated with water and acidified with acetic acid. The 
mixture was cooled and the product was isolated by filtration and 
dried' at 90''C to afford 0.61 g (54%) of l-cvclopenrvl-,'>-f?thvl-f - 
f 3 .5-di (2- ^4-morr)hoiinvl ) erhoxv ] nhenvl Invrazolof 3 . 4 -d l r^v rimidin-4 - 
one , m.p. 182-183°C. 

Example 39^ '* 
To a suspension of l-cyclopentyl>3-ethyl-6- [2-hydroxy-3- 
(2 - pi^openyl ) phenyl ) pyrazolo (3,4-d]pyrimidin-4-one (1.0 g) in 
acetic acid (15 ml), was added sulfuric acid (15 ml) while cooling 
in an ice bath. The reaction mixture was v;armed to room 
temperature and stirred overnight. The reaction mixture was poured 
into ice/v;ater, a precipitate formed which was collected by 
filtration and washed v;ith water. The product was purified by 
recrystallization from ether, followed by column chromatography on 
silica gel eluting with 25% EtOAc/hexane to afford 0.5 q of 1- 
cvclQoentvI-3-erhvl-6 - f2-Tnethvl-2. 3-dihvdroben2ofbi furan-S-- 
vllDvrazolof 3 . 4 1 Dvrimidin-4 -one , m.p. 164-165^C. 

(a) 

3- (Ethcxycarbonyimethoxy )benzaldehyde (9.55 g, 45.91 mmol) 
was dissolved in ethanol (75 ml) and water (25 ml) and then KOH 
(3,02 g) was added. The reaction mixture was stirred at room 
temperature until the reaction was complete and then the product 
was collected by filtration and dried to afford, as a white 
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powder. 3.78 g of ■ the notassium sa lt of 1 -' 

(carboxvmet'hoxv) henzaldehvde . 

(b) 

The potassium salt of 3- (carboxymethoxy )benzaldehyde was 
dissolved in water and treated with 9N HNO3 . A precipitate formed 
which was collected by filtration, washed with water and dried at 
75°C under high vacuum to afford 1.66 g of 3- f carboxvmer hoxv ) 
bengaldfihvdP. 

(c) 

3- (Carboxymethoxy )ben2aldehyde (1.63 g, 9.05 mmoi; v/as 
dissolved in p-dioxane (20 ml) and cooled in an ice bath and then 
N, N ' -carbonyldiimidazole (1.9 g) was added in one portion. The 
reaction mixture was stirred for" 30 minutes, then morpholine (0.8 
ml) was added and the mixture was warmed to room temperature and 
stirred until the reaction was complete. The solvent was removed 
in vacuo, the residue was partitioned between CHCI3 (100 mi) and 
2n HCi {75 ml), the layers were separated, and the aqueous layer 
was extracted with CHCI3 (2 x 75 ml). -The organic layers were 
combined, dried over MgSO^ and stripped to afford an oil which was 
combined v;ith the product from a similar experimental ru,n ahd 
purified by column chromatography on silica gel elutinc with 
chloroform to afford 2.1 g of 3-^4- 
morpholinvlcarbonvlmethoxvlbenzaldehyde. 

(d) ■ . 

A mixture of l-cyclopentyl-3-ethyl-5-amino-lK-pyra20ie-"4- 
carboxamide (1.87 g ) , 3 - [ 4 -morpholiny Icarbonylmethoxy ] benzaldehyde 
(2.1 g, 8.43 mmol) and xylenes (20 ml) was heated at 160°C for 
about 2 days. The solvent was removed, then methanol was added to 
the residue and the product was collected by filtration. 
Additional product was obtained from the filtrates and the product 
fractions v/ere pooled and recrystallized from CH3CN/CHCI3 to 
afford l*cvclopenrvl-'^-ethvl-6" f3 - ^ 4 - 

morpholinvlcarbQnvlmgt:hnvv)phenvn ovrazolofB . 4-d1Pvrimidin-J-nnP. 
m.p. 212-213'*C. 

(a) 



wo 96/28448 



PCT/US96/03100 

« 



A mixture of 3 -hydroxy benzaldehyde (5.17 g, 42.33 'mmoD, 
K2CO3 {58.5 g) and CH3CN (100 ml) was ^ stirred at room temperature 
for 15 minutes, then dibromoethane . {18'.3 ml) was added. The 
reaction mixture was stirred at room temperature for 30 minutes, 
then at reflux for 3-4 hours'. Additional dibromoethane was added 
•and then.' the reaction mixture was refluxed' overnight . The reaction 
mixture was cooled, filtered, and the filtrate was stripped to 
afford an oil. The oil was dissolved in ether (300 ml), washed 
with 5N NaOH (2 x 75 ml) and the ether layer was dried over MgS04 
and stripped. The residue was purified by column chromatography on 
silica gel elating with 10% ethyl acetate/hexane to afford 5.23 g 
of 3 - ( 2 - bromoet hoxv ) benza 1 dehvde . 

(b) 

A mixture of 3 - ( 2 -bromoethoxy ) benzaldehyde (3.91 g, 17.07 
mmol ) , K2CO3 (3.1 g), thiomorpholine (1,9 ml) and DMF (30 ml) v;as 
"warmed on a sceambath overnight. Adciitionai K2CO3 (0.7 g) and 
thiomorpholine (1.0 ml) were added and the reaction mixture was 
warmed on a steam bath overnight. The reaction mixture was cooled 
to room temperature, filtered and the filtrate was stripped to 
afford an amber oil. The oil was combined with the product from a 
similar experimental run and purified by column chromatography on 
silica gel eluting with EtOAc (100%) to afford, as an oil, - f 2 ■ 
(4'thiomorDhQlinvl ) er hoxv 1 benzaldehvde . 

(c) 

A mixture of 3- (2- (4-thiomorpholinyl ) ethoxy ) benzaldehyde 
(3,2 g, 12.75 mmol) , l-cyclopentyl-3-ethyl-5-amino-lH-pyra2ole-4- 
carboxamide (2.55 g) and xylenes (20 ml) was heated at 160°C 
overnight. The reaction mixture was cooled in an ice bath, and 
then the solvent was removed to afford an oil which crystallized 
on standing. The product was treated with hot MeOH/Et20, the 
mixture was cooled, and the product v/as collected by filtration 
and washed with ether to afford 0.51 g of desired product. The 
filtrate was concentrated in vacuo to afford 5.0 g of the 6,7- 
dihydro derivative which was dissolved in xylenes (25 ml), treated 
with palladium on carbon and heated at llO^^C for 3 hours. 
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Additional pajj.adium on carbon (1.5 g) was added and heating was 
continued for 2 'hours. The mixture was filtered through CELITE® 
and the filtrate was stripped. The residue was treated with 
methanol and the product was collected by filtration and combined 
with the 0.51 g of product obtained above and the product obtained 
from a similar experimental run. The combined product fractions 
were recrystallized from EtOAc, v/ashed with ether and dried at 
100*^0 under high vacuum to afford 1 -cvclopentvl -3-erhvl -6- f f 
M-rhJOmorpho] inv 11 ethoxvl Phenyl 1 nvrazolo f 3 . 4-dl pvrimidin-4-nnp 

Example 42 

(a) 

To a mixture of 3 -hydroxybenzonitrile (4.76 g, 0.04 mol), 
K2CO3 (16.6 g, 0.12 mol) and DMF (100' ml) under* argon v;as added 4- 
chloromethyipyridine hydrochloride (6.56 g, 0.04 mol). The 
reaction mixture was stirred at room temperature for about two 
days, the solvent was evapcr-ated and the residue v;as partitioned 
between v;ater and CH2GI2. The organic layer was washed with 2N 
aqueous NaOH (1 x 100 ml), brine, then was' dried over Mgs64 . The 
solvent was removed in vacuo to afford, as an amber solid, 9.0 g 
of 3-(4-Dvridinvl mpr hoxv ) ben zoni r ri 1 p . ■ 

(b) 

A mixture of 3 - ( 4 -pyr idinyimethoxy ) benzoni cri 1 e (2.5 g, 
0.012 mol) in 75% formic acid ';55 ml) was treated v/ith raney 
nickel (2 g) and heated to reflux for 4 hours. The reaction 
mixture was filtered through SUPERCELL®, the filtrate was brought 
to a pH of 8-9 with 5N NaOH, extracted with EtOAc (3 x 150 ml) and 
the combined organic layers were dried over MgS04 , filtered and 
stripped. The residue was purified by column chromatography on 
silica gel eluting with EtOAc (100%) to afford 0.94 g (37%) of 3- 
( 4 -Pvr i dinvlmethox-\' ) benzaldehvde . 

(c) 

A mixture of l-cyclopentyl-3-ethyl-5-amino-lH-pyra2ole-4- 
carboxamide (2.7 g. 0.124 mol). 3- (4-pyridinylmethoxy )benzaldehyde 
(3.95 g, 0.0185 mol) and xylenes (100 ml) was refluxed overnight. 
Additional carboxamide (1 g) was added and the mixture was 
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refluxed for another 2 days. 10% palladium on carbon (1 g) was 
added and the mixture was refluxed^ for another 3 hours. The 
catalyst was removed by filtration, the filtrate v;as concentrated 
in vacuo and the solid residue was collected by filtration. 
• Additional product was obtained by concentration of the mother 
liquors .'and' the combined ;product fractions were recrystallized 
from ethyl acetate to afford 1.66 g of i-cvcl>oDentvl-3-ethvl"6- n- 
f4'-Dvrid'invlmethoxv1 Phenyl 1 

pv?rgzolQf3r 4-<j1t?yrAPiAd;in-4-9pg, m.p. 23p'^232^c. 

Example 4 3 

(a) • . 

A mixture of 3 -hydroxybenzaldehyde (3.66 c, 0.03* mol), 
•K2C03 (12.43 g, 0.09 mol), and CK3CN (100 ml) was scirred at room 
temperature for 1/2 hour, then N-methyl - 2 -chloromethylpiperidine 
hydrochloride :5.49 0.03 mol) was added. The reaction mixture 
was stirred unci! the reaction was corriplete, then zhe solvent was 
removed in vacuo and the residue v;as partitioned between CHCI3 and 
"water. The aqueous layer was extracted 'v;ith CKCI3 (S :•: 100 mlV arid* 
the combined organic layers were concentrated in vacuo to 'afford 
. 3 - (1 -uiethvl - 3 -hexahvdroa2epinvlox\/ ) ben-aldehvde . 

(b) 

A mixture of 3 - ( 1 -me t hy 1 - 3 - hexahy dr ca 2 epi ny 1 oxy ) 
benzaldehyde (0.79 g, 3.4 mol), l-cyclopentyl-3-ethyl -5-amino-lH- 
pyrazole-4 -carboxamide (0.5 g, 2.2 mmol), methanesulf onic acrd 
(0.25 ml) and :-:yienes (25 mi) was refluxed overnight. The solvent 
was stripped, the residue was dissolved in CH2CI2 and purified by 
column chromatography on silica gel eluting with ether, then 
acetone, then 0.5% Et3N/acetone to afford 0.43 g (45%) of 1 - 
cvclopentvl-3-ethvl-6- f 3- f l-met:hvl-3-he>:ahvdrQa2epinvloxv)phgnvl 1 
pvrazolof 3 . 4-d1pvriTnidin-4-one. m.p. 155-196°e. 

Example 4 4 

To a mixture of 1 - cy c i open ty 1 - 3 - et hy 1 - 6 - [ 3 - ( 4 - 
pyridinylmetho:-r/j phenyl )pyrazolo( 3 , 4 -c ; pyr imidin-4 -one (1.1 g) in 
acetic acid {100 ml) /water (50 ml) was added Pt20 (200 mg). The 
mixture was hydrogenated at 50 psi with heating ivariac set at 40) 
for four hours. The catalyst was removed by filtration, the 
filtrate v.-as concentrated and the residue was partitioned between 
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NH4OH and echini acetate. The organic layer was separated, v;ashed 
with brine,, dried over MgS04 , filtered and concentrated. The 
residue- was purified by column chromatography on silica gel 
eluting with ethyl acetate, followed by preparative thin layer 
chromatography eluting with ethyl . acetate to afford,, after 
recrystallization from EtOAc, 64 mg of l-cvcIopentvl-3-ethvl-^> n> 
hvdroxvnhenvl ) nvra^oln n , 4-d]ovrimidin-4-Qnf>. m.p. 27 5-27 8°C 
(dec). 

Example 4 5 
(a) 

To a stirred solution of. 3 -hydrcxybenzaldehyde (8 g, 65 
mmol), l-me'thyl-4-piperidinol (7,5 g, 65 mmo'l ) , triphenylphosphine 
(13.1 g, 65 mmol) and THF* (100 ml) was sdded 
diethyiazodicarboxylate (11.4 g, 65 mmol) in THF (20 mi) over a 35 
minute period. The reaction mixture was stirred in an ice bath for 
3 hours, then at room temperature for 5 days. The reaction mixture 
was concentrated m vacuo, and partitioned between CHCI3 (300 ml) 
and 3N HCI ;300 ml/. The aqueous' layer v;as concentrated in vacuo, 
the residue v;as treated with 10% K2CO3 and extracted with CHCI3 (2 
X loo The solvent was removed in vacuo to afford 7.4 g of 

crude 3 - ■ l-rr.erhvl-4-piDeridinvlo xv)ben2aldehvde . 



(b) 

.T.ixture of 3- ( 1 -methyl -4 -piper idinyloxy } benzaldehyde 
(7.4 3. . l-cyclopentyl-3-ethyl-5-aminc-lH-pyra2ole-4-carboxamide 
(2 g) and :-rylenes (200 ml) was refluxed for 31 hours and then was 
stirred at room temperature for several days. The solvent was 
removed in vacuo, and the residue was purified by column 
chromatcgraphy on silica gel eluting with ether (100%) to 10% 
methane! /ether to afford, after recrystalli zation from 
isopropanol, 2.3 g of 1 -cvclonentvl - 3 -et hvl ■ 6 - f ^ - ^ 1 -m^r.h-l - ^ • 
Diperid:r.vIr.>:\^^nhenvllPvra2Qlo f 1 . 4-d 1 nvrimidin-4 -on e 1/4 hvdrarp 

Example 4 6 
(a) 

To a stirred solution of 2 . 4-dif luorobenzonitrile ;25 g. 
0.18 mcl; m p-dioxane (250 ml) in an ice-bath was added sodium 

-42- 



wo 96/28448 



PCrAJS96/03100 



ethoxide (15 g, 0.22 mol) over 45 minutes. The reaction mixture 
was stirred as such for 2 hours, then^«at room temperature for 18 
hours. The solvent was concentrated in vacuo and the residue was 
partitioned between water (200 ml) and CH2CI2 (400 ml) and 
acidified with acetic acid. The; organic layer was separated, dried 
over Mgsb4 ^nd concentrated in vacuq to afford, as a yellow oil, 
26.7 g of a mixture of 2-gthoxv- 4-f luor'obpn?onitrile and 4-ethoxv- 
2>fluorobenzQnitrile. 

(b) 

To a mixture of the benzonitriles from Example 46 (a) 
(26.5 g, 0.16 mol), imidazole (11.5 g. 0.17 mol)» and p-dioxane 
(150 ml) cooled in an ice bath was added NaH (6.8 ^, 60% 
dispersion in mineral oil) over a 30 minute period. The reaction 
mixture v;as stirred for 1 hour as such, then at room temperature 
for 24 hours, followed by standing at room temperature for 24 
hours. The solvent was removed in vacuo, the residue was 
partitioned between CH2CI2 (2 x 300 m^ ) and water (100 ml). The 
,'CH2Cl2 extracts were combined, ccpncentrated in vacuo and the 
residue was purified by column chromatography on silica eluting 
withXether (100%) to 10% methanol /ether to afford 10.1 g of 4- (1- 

imidg?Qiyi) '2>ethQ?^^ ben^pn^trUe. m.p. 134-136 c. 

(c) 

A mixture of 1-cyciopentyl - 3-ethyl -5-amino- lH-pyra2ole-4 - 
carboxamide (1.5 g, 6.3 mmol ) , 4 - ( 1-imidazoly 1 ) - 2 - 
ethoxybenzonitrile (1.5 g, 7 mmol), NaH (0.84 g, 21 mmol, 60% 
dispersion in mineral oil; and p-dioxane (75 ml) was heated on a 
steam bath for 12 hours, then v;as stirred at room temperature 
overnight. The reaction mixture was acidified with acetic acid, 
concentrated in vacuo, and water was added to the residue: A gummy 
solid formed which was collected, washed with water, dried and 
purified by column chromatography on silica gel eluting with ether 
(100%) to 15% methanol/ether to afford, after recrystallizat ion 
from acetonitrile, 0.78 g .36%) of l-cvclopenrvl>3>ethvl-6- f 4- a- 
imida?ol vl ^ ■2-eth oyvphenvl ^pvrazolon . 4-d 1 Pvrimidin-4 -one, m.p. 
204-206^C. 
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Fol'lowing a procedure similar to that described in Example ' 
1 (c),'but substituting l-tert-butyl-3-ethyl-5-amino-lH-pyrazole- 
4-carboxamide for l-cyclopentyl-3 -ethyl-5-amino-lH-pyra2ole-4 - 
carboxamide and 2 , 4 , 6 - t r ime t hy Ibenza Idehy de for 2- 
propoxybenzaldehyde, it is contemplated that there can be prepared 
l-tert-butvl-3-eth vl-6- f2. 4. 6-trimethvlnhgnvnpvra2olof 3,4- 
dlDvrimidin-4-one■ 
Examnle 48 

Following procedures similar to those described in 
Examples 1 (b) and 1 (c) , but substituting l-cyclopentyl-3- 
phenylmethyl-5-amino-lH-pyraz9le-4-carbonitrile for 1 -cyclopentyl- 
3-ethyl-5-amino-lH-pyra2ole"4-carbonltrile in part 1 (b) , it is 
contemplated, that there can be prepared: 

(a) 

l-Cvclopenr.vl-3-phenvImethvl-5-amino-lH-ovrazoIe-4- 
carboxamide . 

(b) " ^ • * 

l-Cvclopentvl>3>phenvlmethvl-6- ( 2 -propoxvphenvl ) pvrazolo 
f 3 . 4-dlpvrimidin-4'-one. . ' 



In standard biological test procedures, the compounds of 
Formula I have been found to possess c-GMP-PDE V (formerly named 
as c-GMP-PDE I) inhibitory activity and are thus useful in the 
treatment of heart failure and hypertension. The compounds of 
Formula I, in combination with nitrates, have also been found to 
be useful in reversing or reducing nitrate- induced tolerance and 
thus would be useful in the treatment of angina pectoris, 
congestive heart disease and myocardial infarction. 

Multiple isozymic forms of cyclic nucleotide 
phosphodiesterase (PDE) have been identified in mammalian cells. 
These isozymes hydrolyze cyclic adenosine monophosphate (cAMP) 
and/or cyclic guanosine monophosphate (cGMP) to the presumably 
biologically inactive 5 ' -nucleotide phosphates. Elevation of 
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intracellular cGMP in vascular smooch muscle triggers a cascade of 
events , that leads to a reduction in muscle tone v:hile elevations 
in renal tubule cell cGMP stimulates natriuresis and diuresis. 
Vascular smooth muscle and renal cells contain a phosphodiesterase 
isozyme that has a low Km (1. for the hydrolysis of cGMP. This 

isozyme 'has been referred to as .the cGMP-PDE cr cGMP-PDE V 
(formerl-y named as cGMP-PDE I since 'ic eiuted from an anion- 
exchange sepharose resin in the- first peak of PDE activity at a 
sodium acetate concentration between 150-200 mM) . Thus inhibition 
of the cGMP-PDE isozyme is a viable subcellular mechanism by which 
increases in cGMP can produce a reduction- in total peripheral 
resistance and a stimulation of natriuresis and diuresir'. The 
development of cGMP-PDE inhibitors represents an approach for the 
discovery of agents useful, for treating hear*: failure and 
hypertension. For example, compounds having high inhibitory 
potency for the cGMP-PDE are expected to lower blocc pressure and 
induce natriuresis and diuresis. 

The C'GMP-PDE V inhibitory activity of representative 
compounds of the invention was demonstrated by zhe .following 
procedure. 

The cGMP-PDE and other PDE isozymes were isolated from 
cardiovascular tissues (heart and aorta) of various animal species 
and man by anion-exchange and affinity chromatography as described 
by Silver et al., Sec. Messeng . Phos . 13:13 -25, 1991 ; PDE 
activity, m the presence and absence of test compounds was 
determined essentially as described by Thompson et al,, Adv. 
Cyclic Nucleotide Res. 10:69-92. To determine the potency and 
selectivity of compounds as PDE inhibitors, compounds are screened 
for their effect on cyclic nucleotide hydrolysis at 10 jiM. If > 

50% inhibition of PDE activity is observed, an IC50 value 
(concentration of compound causing 50% reduction in PDE activity) 
and corresponding 95% confidence intervals are ge.nerated. The 
IC50 values are calculated from concentration-response curves as 
described by Tallarida and Murray, Manual of Pharmacologic 
Calculations with Computer Programs, Procedure 8. Graded Dose- 
response, pp. 14-19, Springer- Ver lag, New York, 1981. 
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The foilowinc cable • summarizes the results obtained from 
the testing 'of representative compounds 'of the invention. 



Example No. 



Percent Inhibition at Given |1M or iCso (nM) 
cGMP-PDE V 



1(c) 
2 
3 
4 
5 
6 
7 

8 (a) 
6 (b) 

9(b> 
10 

11 (c) 
12(b) 

13 (b) 
14 
15 
16 



7/3* 

250 

200 • 
5.8 
87 
1.6 

51% (10 MM) or 20% ■ i pM) 

410/430* 
.70% (1 pM) or 32% (0.1 pM) 

4.9 ■ 

85% (10 MK) or 15% (1 pM) 

2700/4500* 

74% (1 MM) or 30% (C .1 MM) 

107 
. 810, 
500 

68% (10 MM) or 19% (1 MM) 
or 780 nM 
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Example No. 



Percent Inhibicion at Given piM or IC50 '(nM) 
cGMPcPDE V 



17(c) 

•18(b) 
19'(b) ■ 
20"(b) 

21 
22(b) 

23 (c) 

24 (c) 
25(b) 
26(c) 

. .27(c) 
28 

29(b) 
30 

32 

\ 33' 
34 (b) 
35(b) 

36 
37 (b) 
38(b) 

39 
40(d) 
41(c) 
42(c) 
43(b) 

44 
46(c) 

•The numbers represent ICqr. 
runs . 



14% (0,1 HM) or 19% (1 ^IM) 
or 39% (10 MM) 

370 

73 

94 

93 
140 
540 

130 • 
14/51* 
28% (1 MM) 

73% (1 MM) or 21% (0.1 MM) 
4 0% (1 MM) 

7.4/8.4" 
53% (1 M.M) or 9% '(0.1 pM) 
61% ^(1 "mM) or 31% (0.1 MM) 
47% (1 MM) or 23% (0.1 MM) ' 
56% (1 MM) or 21% (0.1 MM) 
56% (0.1 MM) or 28% (0.01 MM) 
58% (0.1 MM) or 13% (0.01 MM) 

0% (0.1 MM) or 4% (1 MM) 
73% (1 MM) or 31% (0.1 MM) 
63% (0.1 MM) or 11% (0.01 MM) 
65% (0.1 MM) or 24% (0.01 MM) 
74% (1 MM) or 47% (0.1 MM) 
56% (1 MM) or 46% (0.1 MM) 
56% (0.1 MM) or 25% (0.01 MM) 
75% (1 MM) ot 41% (0.1 MM) 
56% (1 MM) or 29% (0.1 MM) 
2 6% (0.1 MM) or 7 6% (1 MM) 02 
(10 MM) or 18 nM 



90% 



(nM) 



values for separate experimental 
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The aatihypertensive activity of representative compounds 
of the inveht ion was demonstrated by the following procedure. 

Spontaneously hypertensive rats (SHR) were anesthetized 
with sodium pentobarbital (50 mg/kg, ip) and instrumented with 
catheters positioned in the inferior vena cava and abdominal aorta 
for administration of drug and recording of arterial pressure and 
heart rate, respectively. After a 2 day recovery from surgery, 
three baseline blood pressure measurements were made at 5 min 
intervals in conscious SHR. Compounds to be tested or vehicle 
were then administered intravenously in a dose-dependent manner 
(0.3-10 mg base/kg) while arterial pressure was recorded 
continuously on a polygraph. The mean arterial pressure response 
was measured 5 minutes after the administration of each dose of 
the test compound and the next dose given in a cumulative dose 
fashion. The response to each dose of the test compound was 
calculated as the difference from the mean of the three baseline 
measurements. 

The follow;Lng table summarizes the results obtained from 

the testing of representative compounds of the invention. 

. ' . ' ' 

SHR iv 

% change in mean arceriai pressure 
Example No. at Given mg/kg or ED^? (n>g/kg) 

Kc) • -5% (1 mg/kg) 

3 -7% (1 mg/kg) 

4 -13% (10 mg/kg) 

5 -8% (1 mg/kg) 

6 -1% (10 mg/kg) 

8(a) 5.7 or -35% (10 mg/kg) or 

-20% (3 mg/kg) or -81% (30 mg/kg, po) 
9(b) -19% (10 mg/kg) 

13(b) 9.5 or -58% (30 mg/kg, po) 

or -19% (3 mg/kg) or -14% :1 mg/kg) 
or -11% (0.3 mg/kg) 
19(b) 12.5 or -19% (10 mg/kg) 

21 -1% (10 mg/kg) 

22(b) 17.9 or -18% (10 mg/kg) 

24(c) 12.7 or -21% (10 mg/kg) or -13% (3 mg/kg) 

25(b) 4.5 or -38% (10 mg/kg) cr 

-27% !3 mg/kg) or -18% (i mg/kg) or 

-18% (10 mg/kg, po) 
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The accivicy of representative compounds of the invfention 
in reversing or reducing nit rat^- induced tolerance was 
demonstrated by the following procedure: 

Spontaneously hypertensive rats (17-25 weeks cf age) were 
made nitroglycerin tolerant' by repeated administration of high 
doses of nitroglycerin (100 nig/kg,, s . c , , 3 times/day for 3 
consecutive days) . To confirm tolerance ' challenge doses of 
nitroglycerin were administered intravenously at doses ranging 
from 1-300 ng/kg and the maximum change ■ in mean arterial pressure 
(MAP) for each dose was recorded. Groups of tolerant rats were 
pretreated v/ith the compounds of • the invention (tolerant 
pretreated group) or with vehicle (0.05 N NaOH) (tolerant <^ehicle 
pretreated aroup) intravenously 5-10 minutes prior to 
administrat icn cf challenge doses of nitroglycerin. The 
administration of challenge doses of nitroglycerin to non-tolerant 

rats (the non- tolerant group) caused a dose-dependent decrease in 

I 

MAP of betv;een 10 to 40 mm Hg. The administration . of challenge 
.doses of nitroglycerin to the toleranc vehicle pretreated group 
resulted in a significant reduction of the hypotensive .response . 
The ^ministration of challenge doses of nitroglycerin to tolerant 
rats which were pretreated with the compounds of the invention 
(tolerant pretreated group) resulted in varying degrees of 
restoration of the hypotensive response. The area under the dose- 
MAP curve VJBS calculated for the non-tolerant group and for the 
tolerant vehicle pretreated group and the tolerant pretreated 
group. The percent reversal of nitrate-induced tolerance was 
calculated as fellows: 

Percent Reversal = (AUCtol-pretreated - AUCtol-veh) / ( AUCnontol - 

AUCtol-veh) X 100 

wherein: AUCnontol = the area under the dose-MAP curve for the 
non- tolerant group. 

AUCtcl-veh = the area under the dose-MAP curve for the 
tolerant vehicle pretreated group. 
AUCccl -pretreated = the area under the dose-MAP curve for 
the tolerant pretreated group. 
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A percent .reversal of 100% or greater ' reflects complete reversal 
of nitrate-induced tolerance, whereas a percent reversal of 0% 
indicates that no reversal of nitrate- induced tolerance occurred. 
The following table summarizes, the* results obtained from the 
testing of representative compounds of the invention. 



Example 
6 

8(a) 
13 (b) 



Dose (mg/ko) 

. 1.0 
0.3 
0.3 



•Percent (%) Reversal of 
NitroQlvcerin-induced Tolerance 

49 
5 
58 



The compounds, of the - invention can be prepared for 
pharmaceutical use by conventional pharmaceutical procedures that 
are v;ell known in the art; that is, by formulating a 
pharmaceutical composition which comprises compounds of the 
invention or their pharmaceut ically acceptable salts cogether v.'ith 
one or more physiologically acceptable • carriers , adjUvants, 
diluents or vehicles, for oral administration in solid or liquid 
form, parenteral administration/ topical- administration or aerospl" 
inhalation administration, and the like. 

Solid compositions for oral administration include 
compressed tablets, pills, powders and granules. In such solid 
compositions, the active compound is admixed with at least one 
inert diluent such as starch, calcium carbonate, sucrose or 
lactcse. These compositions may also contain additional 
substances other than inert diluents, e.g., lubricating agents, 
such as magnesium stearate. talc and the like. 

Liquid compositions for oral administration include 
pharmaceutically acceptable emulsions, solutions, suspensions, 
syrups and elixirs containing inert diluents commonly used in the 
art, such as water and liquid paraffin. Besides inert diluents 
such compositions may also contain adjuvants, such as wetting and 
suspending agents, and sweetening, flavoring, perfuming and 
preserving agents. According to the invention, the compounds for 
oral administration also include capsules of absorbable material. 
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such as gelatin, containing said active component v/ith or without 
the addition of diluents or excipients « 

Preparations according to the invention for parenteral 
administration include sterile aqueous, aqueous-organic, and 
organic solutions, suspensions ,and emulsions. Examples of organic 
solvents! or * suspending media are prppylene glycol, polyethylene 
glycol, vegetable oils such as olive oil and "injectable organic 
esters such as ethyl oleate. These compositions can also contain 
adjuvants such as stabilizing, preserving, wetting, emulsifying 
and dispersing agents. 

Preparations according to the invention for topical 
administration or aerosol inhalation administration i'hclude 
dissolving or suspending a compound of the invention in a 
pharmaceuc ical ly acceptable, vehicle such as v;ater, aqueous 
alcohol, glycol, oil solution or oil-water emulsion, and the like. 

If desired, the compounds of the invention can further 
be incorporated into slov; release or targeted delivery systems 
such as polymer matrices, liposomes, and microspheres. 

The percentage of active component in such compositions 
may be varied so that a suitable dosage is obtained. The dosage 
administered to a particular patient is variable depending upon 
the clinician's judgment using as criteria: The route of 
administration, the duration of treatment, the size and physical 
condition of the patient, the potency of the active component and 
the patient's response thereto. An effective dosage amount of the 
active component can thus readily be determined by the clinician 
after a consideration of all criteria and using his best judgment 
on the patient's behalf. 
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We claim: 



1. A compound of the formula: 

O 




wherein: 

is tert-butyi, or cyclopentyl; 
is lower-alkyl, or phenyl-lower-alkyl ; and 
R^ IS phenyl, or phenyl substituted by from one to three, 
the same or different, substituents selected from the group 
consisting of lower-alkoxy , lower-alkyl, hydroxy, 1 - imidazolyl , 
lower-alkenyloxy , dilower-alkylamino- lower- alkoxy, 4-morpholinyl - 
lower -alkoxy , lower-alkoxycarbony 1 - lower- aikox\' , carboxy lower - 
a 1 koxy , t r i f 1 uorome thy 1 , 1 - piper idi.nyl - lower - a Ikoxy / ' 1 - 
pyrrolidinyl-lower-alkoxy , nitroi halo, amino, -(CH2)20-, lower- 
alky 1 s u 1 f ony 1 ami no , 1 ower - a 1 koxy - 1 ower - a 1 koxy , 1 ower - a 1 k eny 1* , 
dilower-alkylamino, -OCH (CH3 ) CH2- , 4 -morphol iny Icarbony 1 - lower- 
alkoxy , 4-thiomorpholinyl-lower-alkoxy , pyridinyl-lower-alkoxy , 1- 
lower-alky 1 - 3 -hexahydroa zepiny 1 oxy , and 1 - lower- a 1 ky 1 - 4 - 
piperidinyl oxy; or a pharmaceut ically acceptable acid-addition 
salt and/or hydrate thereof. 

2. A compound according to Claim 1 wherein is cyclopentyl; 
and R^ is lower-alkyl. 

3. A compound according to Claim 2 wherein R^ is methyl or 
ethyl . 

4. A compound according to Claim 3 wherein R^ is phenyl, or 
phenyl substituted by from one to two, the same or different, 
substituents selected from the group consisting of lower-alkoxy , 
lower-alkyl, hydroxy, 1 - imidazolyl , lower-alkenyloxy , dilower- 
alkylamino- lower-alkoxy , 4 -morpholinyl - lower-alkoxy , lower- 
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alkoxycarbony 1 - lower-alkoxy , carboxy lower-a Ikoxy , t ri f luoromethy 1 , 
1-piperidinyl-lower-alkoxy , 1-pyrrolidinyl- lower-alkoxy, nitro, 
halo, amino, -(CH2)20-, lower-alkylsulf oriylamino, lower-alkoxy- 
lower-alkoxy, lower-alkenyl, dilower-alkylamino, -OCH (CH3 ) CH2- , 4- 
inorpholinylcarbonyl-lower-al'ko;icy, 4 -thiomorpholinyl -lower-alkoxy , 
pyridinyi- lower-alkoxy, l-aower-alkyl-.S-hexahydroazepinyloxy , and 
l-lower-alkyl-4-piperidinyloxy . 

5. A compound according to Claim .4- wherein is phenyl, or 
phenyl substituted by from one to two, the same or different, 
substituents selected from the group consisting of methoxy, 
ethoxy, propox>\ methyl*, hydroxy, 1 -imidazolyl , CH2 =CHCH2'3- . 2- 

■'(dimethy lamino ) ethoxy , . 3 - ( dimethylamino ) prcpoxy , 2- (4- 
morp.holinyl)ethoxy, . 3-(4-morpholinyi)propoxy, 
ethoxycarbpnylmethoxy , carboxymethoxy , c ri f luoromethy 1 . 2 - (1- 
piperidinyi ) ethoxy, 2- ( 1 -pyrrol idinyl ) ethoxy,^ nicro, chloro, 
amino, - (CH2 ) 2 0- , me t hy 1 sul fony lamino , 2- (methoxy) ethoxy, 
.CH2=CH2CH2 - , diet hy lamino , -OCH { CH3 ) CH2 - . 4 -mcrphol iny 1 - 
carbonylmethoxy, 2- ( 4 -thipmorpholinyl) ethoxy , 4 -pyridinylmethoxy , 
l-met^hyl-3-hexahydroa2epinyloxy, and l-methyl-4-piperidinyloxy . 

6. A compound according to Claim 5 selected from the group 
consisting of: 

1 - cyclopenty 1 - 3 -ethyl - 6 - ( 2 -propoxypheny 1 ) pyra zolo [ 3 , 4 -d ] 
pyrimindin-4 -one, 

l-c\'clopentyl-3-ethyl-6- [4 - (l-imidazolyl) phenyl Ipyrazolo 
[3 , 4-d) pyrimindin~4 -one , 

l-cyclop€ntyl-3-ethyl-6- [3- (2- ( 4 -morpholinyl ) ethoxy) 
phenyl ] pyra^olo [3,4 -d) pyrimindin-4 -one , 

l-cyclopentyl-3-ethyl-6- [2 -ethoxy- 4- {l-imidazolyl ) phenyl ] 
pyrazolo [3,4 -d] pyrimindin-4 -one, and 

1 -cyclopenty 1 -3 -ethyl - 6- [ 2 - ( CH2=CHCH20) phenyl ] pyrazolo 

(3 , 4-d] pyrimindin-4 -one. 

7. A pharmaceutical composition which comprises a compound 
according tc claim 1 together with a pharmaceutically acceptable 
carrier, adjuvant, diluent, or vehicle. 
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8. A pharmaceutical composition which comprises a compound 
according to claim 2 together with a pharmaceutically acceptable 
carrier, adjuvant, diluent, or vehicle. 

9. A pharmaceutical composition which comprises a compound 
according zo claim 3 together with a pharmaceutically acceptable 
carrier, adjuvant, diluent, or vehicle. 

10. A pharmaceutical composition which comprises a compound 
according to claim 4 together with a pharmaceutically acceptable 
carrier, adjuvant, diluent, or vehicle. 

11. A pharmaceutical composition which comprises a compound 
according to claim 5 together with a pharmaceutically acceptable 
carrier, adjuvant, diluent, pr vehicle. 

12. A pharmaceutical composition which' comprises a compound 
according to claim 6 together with a pharmaceutically acceptable 
carrier, adjuvant diluent , or vehicle." 



13. A method for effecting 

in a mammalian organism which 
organism an effective amount of 



cGMP-phosphodi est erase inhibition 
comprises administering to said 
a compound according to claim 1 . 



14. A method for effecting cGMP-phosphodiesterase inhibition 
in a mammalian organism which comprises administering to said 
organism an effective amount of a compound according to claim 2. 

15. A method for effecting cGMP-phosphodiesterase inhibition 
in a mammalian organism which comprises administering to said 
organism an effective amount of a compound according to claim 3. 

16. A method for effecting cGMP-phosphodiesterase inhibition 
in a mammalian organism which comprises administering to said 
organism an effective amount of a compound according to claim 4. 
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17. A method for effecting cGMP-phosphodiesterase inhibition 
in. a mammalian organism which comprises administering to said 
organism an effective amount of a compound- according to claim 5. 

18. .A method for ef f ecting ' cGMP-phosphodiesterase inhibition 
in a marfimalian organism which comprises * administering to said 
organism, an effective amount of a compound according to claim 6. 

19. A method for treating heart failure and/or hypertension in 
a mammalian organism which comprises administering to said 
organism an effective amount of a comppund according to claim 1. 

•20. A method for treating heart failure and/or hypertension in 

a mammalian organism' which comprises administering to said 
organism an effective amount of a compound according to claim 2. 

21. A method for treating heart failure and/o'r hypertension in 
'6 ' tnammariah organism ' which comprisfes administering to 'feaid 
organism an effective amount of a compound according to claim 3. 

\ ' . . . ' * 

22. A method for treating heart failure and/or hypertension in 
a mammalian organism which comprises administering to said 
organism an effective amount of a compound according to claim 4. 

23. A method for treating heart failure and/or hypertension in 
a mammalian organism which comprises administering to said 
organism an effective amount of a compound according to claim 5. 

24. A method for treating heart failure and/or hypertension in 
a mammalian organism which comprises administering to said 
organism an effective amount of a compound according to claim 5. 
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